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The condensation which takes place when 
diphenylformamidine is heated at a suitable tempera- 
ture with compounds containing an active methylene 
group was first pointed out by Dains (Ber. 1902.35 
2504. ). As an example of this, the condensation of 
the amidine (i) with acetyl acetone, which probably 
takes place in two stages, may be quoted. The inter- 
mediate compound (ii) is never isolated, aniline 
being liberated at once. 
COCH3 /NH C6 HS /CO CH3 
CN + (y c H z 
NH CGH CDCH3 NH C6HS CD CH3 
(i) 
CO CH3 
C'HS NHCH:C -j- C'GHSNHz 
-"coe 
(Ill) 
Anilinomethyleneacetylacetone (iii.) is 
isolated in almost quantitative yield. 
This type of reaction appears to be a very 
general one and has been extended by DAINS and co- 
workers, (J. Amer.Chem.Soc., 1909 onwards.) to a 
large number of similar compounds. 
Such a condensation might be expected to 
take place with compounds in the aromatic series 
where/ 
2. 
where the nuclear hydrogens are most reactive. Simi- 
lar condensations with splitting off of nuclear hydro- 
gen are recorded in the following welly own reactions. 
(1) TLF ANN & REIIER (Ber., 1877.10.2212). 
OK 


















H f NH4C2 00ii + 
cm) 
(3) DII:EiOTH & ZORFFRIT? (Ber., 1902°35.993). 
a) 3C6 
OH 
1H00 + POCl3 - 3C6Htfn:CHCE + H3PO4 -f- Hz0 
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As resorcinol is very reactive in all the 
condensations quoted above and easily obtained in a 
pure condition it was chosen for condensation with 
diphenylformamidine. The reaction expected to take 
place would be 
OH /\ 'C6H5 
C H - 







This compound would now in a manner analogous to 
that of the reaction of DAINS, lose aniline and pro- 
duce the Schiff's base of P- resorcylaldehyde (iv.) 
which on hydrolysis would give the parent aldehyde 
namely ß- resorcylaldehyde (v). 
ON 









+ C4 H -NH/ 
CHO 
This would be a new synthesis of --reso 'cyl- 
aldehyde. Investigation has shown that such a con- 
densation takes place. 
It is to be noted that the hydrogen atoms 
in this condensation (a.) do not come from analogous 
positions as those in Damns reaction (b.) 
i N'C6HS' 
CH + CGH%H)z CH 
NHeH_ 
4. 
t 6 N5 NHz 
+ 
C6N 
(GH3(OHz - C5143 6902 
IVC6HS 
C6HNHz 
NCH CO CH3 NHC CO CH3 + /CO.eH3 6y 
.6.) CN + CH1 ----- CH CCU) -} CH = c / NII CGH coCH3 \ NHCH_ \CoCH3 \ \Cc{3 
6 S NH-C6H5 
In Damns reaction the hydrogen atom leaves the 
original methylene carbon atom to combine with the 
(.NH05H5) group whereas in the condensation with 
resorcinol the hydrogen atom leaves the second 
(NH.05H5) group as shown above. This point is 
further discussed on pp.20 
When diphenylformamidine and resorcinol are 
heated together, condensation takes place. aniline 
is liberated and a solid compound is formed. This 
cannot be obtained in a pure state because of un- 
changed diphenylformamidine but on hydrolysis with 
alkali, aniline is liberated and from the acidified 
solution, /3 -resorcylaldehyde can be obtained in 
appreciable yield. The condensation under these 
conditions involves one molecule of diphenylformami- 
dine and one molecule of resorcinol. Two molecules 
of/ 
5e 
of diphenylformamidine may condense with one molecule 
of resorcinol when the course of the reaction may be 
represented as follows. 
014 OH 
c6 115 (114- 













The di - Schiff's base (vi.) on hydrolysis would 
aI 
yield 4;6- dihydroxlsophthalAdehyde (vii.) as prepared 
by TIEMANN and LEWY (Ber.. 1877.10.2212) . 








The 4 :6.dihydroxyisophthalaldehyde has been isolated 
in a pure state from the condensation product, 
(a) when the resorcinol is moist 
(b) on long heating 
(c) when the temperature at which the condensa- 
tion is carried out is very high 
( d ) when 13 -resorcylaldehyde and f -resorcylic acid 
are condensed with diphenylformamidine. 
There is still one more possibility in this 
condensation. The action of diphenylformamidine on 








In this case, the methylene hydrogens have combined 
x 
with the (:1106H5) group whilst the grouping ( : c, ) 
has taken this latter's place. If we therefore 
looked on the two reactions namely diphenylformami- 
dine + resorcinol and diphenylformamidine #- methy- 
lene compound as analogous we should expect the con- 






















Tetrahydroxy- diphdnyl- carbinol (viii.) 
should be present. From the condensation product 
# mresorcylaldehyde, 4 :6- dihydr& yisophthald ehyde 
and a red resinous substance have all been obtained. 
In addition all the solutions from which aldehyde 
was extracted showed a remarkable green fluorescence 
7. 
in alkaline solution. This is probably due to the 
presence of the tetrahydroxydiphenylearbinol, not as 





because, when the compound was synthesised by the 
method given in Part II. of the thesis it was found 
in great dilution to show the same fluorescence as 
noticed in the solutions stated above. A small quan- 
tity of the xanthydrol is necessary to give the fluor- 
escence. It has only been possible to show that it 
is formed in this reaction and not been possible to 
isolate it in a pure condition. 
After a careful investigation of all the 




(2) presence of moisture. 
(3) time. 
P® resorcylaldehyde has been obtained in 45-5O per 
cent yield of the theoretical by this new method. Too 
long heating or too high a temperature causes the 
formation/ 
8. 
formation of mach 4 :6 - dihydroxy isophthalald- 
shyde and resin. The presence of moisture has an 
effect similar to that noted in the higher tempera- 
ture and longer heating experiments. This is remark- 
able and the bearing this has on the theory of the 
reaction is discussed later. 
The condensation has been shown to take 
place between diphenylformamidine and a large number 
of phenols. 
APPLICATION TO OTHER PHENOLS. 
Diphenylformamidine has been condensed with various 
phenols. A summary of the results is given. 
(1) Monomethyl resorcinol. The aldehyde isolated 





and was obtained in quantities representing 20 per 
cent of the expected yield. 
(2) Dimethyl resorcinol. No condensation takes 
place. 
(3) Catechol. Only a trace of an aldehyde could be 
isolated. An odour of carbylamine was preceptible 
in this condensation product. 
(4# Guai.acol./ 
9. 
(4) Guaiacol. The aldehyde isolated proved to be 





(5) Quinol. Only a trace of an aldehyde could be 
isolated. The condensation product had a pronounced 
odour of carbylamine. 
(6) ThlorogluOinol. Only a trace of an aldehyde 
could be isolated. There was a strong odour of 
carbylamine in this condensation product. 
(7) 'Pyrogallol. The aldehyde isolated proved to 




OH (Ber., 1898.81.1768: Ber., 1899.32. 
281.) 
(Ber., 1901.34.1445: Ber., 1902.35. 
997) 
and was obtained in quantities representing 15 -20 
per cent of the expected yield. 
(8) Phenol. The aldehyde isolated proved to be 
sa.licylalder.ydR 
CHO 
and was obtained in quantities representing 20 per 
cent of the expected yield. 
1Ì 
10.. 
(9). o.Ni.trophenol. Only a trace of an aldehyde 
could be isolated. 
(10) P. Nitrophenol: The condensation product had 
a pronounced odour of carbylamine and only traces 
of an aldehyde could be isolated. 
(il). o.Cresol. The aldehyde isolated proved to be 




and was obtained in quantities representing 20 per 
cent of the expected yield. 
(12) m.Cresol The aldehyde isolated proved to be 




and was obtained in quantities representing 20per 
cent of the expected yield. 






(Ber.,1878.11.773 & 785) 
( Annalen. 1907 . 357. 322 ) 
11. 
and was obtained in quantities representing 15 -20 per 
cent of the expected yield. 
(14) o- Naphthol. The aldehyde isolated proved to 
be 1- hydroxy - 2- naphthaldehyde. 
OH 
(Monatsh., 1909.30.277 ) 
was obtained in quantities representing 30 -40 per 
cent of the expected yield. 
(15) Naphthol. The aldehyde isolated proved to 
be 2-hydroxy-l-naphthaldehyde 
(Ber., 1882.15.804, Ber., 
1899.32.284) 
(Bull. Soc. chini 1896.(3). 
25.374) 
and was obtained in quantities representing 50. per 
cent of the expected yield. 
12. 
(16) V Resorcylaldehyde. The aldehyde isolated 





and was obtained in quantities representing 30-40 per 
cent of the expected yield. 
(17) p- Resorcylic acid. The aldehydes isolated 









and were obtained in quantities representing 10 per 




(18). Ethyl- P- resorey'late. The aldehyde isölated 
proved to be p- resorcvlaldehyde 
OH 
CHO 
and was obtained in quantities representing 20-25 per 
cent of the expected yield. 
ISOLATION of INTERMEDIATE COMPOUNDS. 
(The course of the -reaction. ) 
In this condensation between diphenylfor- 
mamidine and the phenols, the course of the reaction 
has so far been assumed to be 
OH 
0 














The isolation of intermediate condensation products 
from (a) resorcinol and (b) p- naphthol has proved 
the assumption to be correct. The intermediate pro- 
duct from the condensation of carefully dried 
resoreinal and diphenylformamidine could not be 
isolated/ 
14. 
isolated in a pure condition because of the presence 
of unchanged di :phenylformamidine and resin in the 
condensation product. From the product obtained by 
the condensation of moist resorcinol and diphenyl- 
formamidine however, needle shaped crystals were 
easily isolated and purified. Analysis proved that 






The intermediate compound. from the 
condensation of diphenylformaznidine and 3- naphthol 
was easily obtained by recrystallising the crude 
condensation product from a mixture of alcohol And 
aniline. Analysis of this intermediate compound 




Thus the condensations follow the course 
Phenol diphenylformamidine 
Schiff's base aniline 
Hydrolysis 
Aldetr aniline. 
It has not been possible to isolate the intermediate 
compounds from the other condensations owing to un- 
changed diphenylformamidine and resin. 
16. 
MECHANISM of the REACTION. 
The reaction between dipheny'lformamidine 
and the phenols rnay` be looked upon as one which in- 
volves. 
(1) Direct substitution in accordance with 
the equations already given on pp.3 or 
(2) isomeric change. 
(3) enol -* kath o transformation of the 
phenol. 
or 
(1) That the reaction between diphenylformarnidine 
and the phenols is not one of direct substitution is 
suggested by the fact that in the condensations 
carried out, where a reaction does take place, sub- 
stitution always takes place in the ortho position 
to the hydroxyl group, under conditions entirely 
different from that of the Gattermann reaction where 
substitution takes place in the para position. 
(2) STEPHEN (T., 1920.11x.1529) recently suggested 
that the reaction between benzanilideiminochloride 
and 
17. 
and resorcinol takes place in the following manner. 








= IY C6Hs 
CGHS 
This reaction and the condensation between diphenyl- 
formamidine and resorcinol are very similar to one 
another and the reaction would be formulated as 
OH OH 
11C GHS {_ C6H5 fYH2 
-}- C H ' H 
Ç,,JOH \NHC6H5 OC = lYC6H5 
CH:nC6H5 
It does not appear probable that such 
wandering of the (- CH N.C6 H5) group does take 
place however especially since Chapman (T., 1922. 
121.1676) has shown that the probable course of the 
reaction 
113. 








/OH Ç =NC6H 
Ce 
H O 
vow Y + Ha 
ç= NCHf 
C& HS 
i.e., The preliminary decomposition is followed by 
direct substitution. Thus the third mechanism is 
the one which is the most probable. 
(3) Evidence as to the fact that resorcinol 
reacts in its tautomeric form is shown by the recent 
research of MOH and ELSNER (Ber., 1920.0.886) on 
the tautomerism of the phenols. These investigators 
have shown that resorcinol slowly reacts with a 
boiling aqueous solution of sodium bisulphate and 







H 3rya.HS0 HÌ ÌH 
/O Soz N4 
Na$0=0 OH 
H 
Further evidence as to the tautomerism of resorcinol 
has/ 
19. 
has been put forward by P.eRKIN (T., 1895.67.993) who 
found that methylation of p-- resoreylic acid by 
means of methyl iodide and caustic potash yielded a 











HERZIG and ZEISEL (Ber., 1920.53.1518) also found 
that methylation of p- resrocylaldehyde by means of 
methyliodide and caustic potash produced a compound 







These investigators concluded that the wandering of 
the methyl group into the nucleus can only be ex- 
plained by the fact that resorcinol reacts in its 
ketànic form. Again, it has been shown by BAEYER 
(Ber., 1886.19.163) that resorcinol does not react 
with hydroxylamine. On treatment with nitrous acid 
however it is converted into dinitrosoresorcinol 
which now reacts with hydroxylamine to yield 
diquinoyltetroxime (Kostariecki Ber., 1899.22.1345) 
The condensation of diphénylformamidine 
and/ 
zö. 
and carefully dried resorcinol according to such a 












The close similarity between this reaction and that 
of DAINS is apparent if the hydrogen atom of the 
nucleus is regarded as the one which splits off from 
the mol± rule as aniline. The intermediate compound 
would then first exist as the ketonic form which is 
a very unstable configuration 
OH 
CHNHC6HS 
The full equation should thus be written 









This would explain why diphenylformamidine 
condenses wjtth esorcinol and monomethyl resorcinol 
respectively whilst no reaction takes place with 
dimethyl resorcinol. According to GATTERMANN 
(Ber/ 
(Her., 1898.31.1152.) the 2:4 - dimethoxybenzaldehyd.e1 
is just as easily obtained by the hydrocyanic acid 
method, :which is probably one of direct substitution,: 
as ß -resorcylaldehyde and 4- methoxy - 2- hydroxy- 
benzaldehyde. 
The formation of the SCHIFF'S base of 4:6 
dl 
dihydroxyisophthalAdehy_de must be formulated as a 








CH - c HS N H 
OH NHC6H5 OH 
YOH 
CH:NC6H5 




because the 4 :6- dihydroxyisophth.alaldehy °de can be 
obtained from the condensation product of p- resor- 
cylaldehyde and diphenylformamidine after hydrolysis. 
The presence of moisture really assists the 
production of the ket.ot.ic form. 
OH 
Hz H N 
OH OH OH 
CH:NCOS CH:NVIs CH:NCels 
The fact must not be overlooked that the 
constitution/ 
22. 
constitution of the 4:6 dihydroxyisophthalaldehyde 





by TIEMANN and LEWY (Ber., 1877.10.2212) where the 
OHO groups are ortho and pa ra to the hydroxyl groups,1 
but .it may be that the second CHO group is between 
the two hydroxyl groups. 
OH 
CHO 
The facts which have emerged from this research a- 
gainst the 1:2:3:4: formula. are 
(1) ease of formation of a dioxime. 
( 2 ) " 11 a p.nitrophenylhydrazone. ' 
(3) the production of P-resoreylaldehyde when diP- 
henylformamidine and ethyl- P-resorcylate are heat- 
ed together. The productwof 13-resorcylaldehyde 
from this condensation ¡dust result from loss of 







/H 145. NH 
eH -} Cb Ns. nH/ 















The production of p-re 7orcylaldehyde and 4:6 
dihydroxyisophthalaldehyde from ß= resorcylic acid does 
not assist in this point because it is difficult to 
say whether carbon dioxide is split off before or 
after condensation. 
This point however must be regarded as a 
debatable one but the ketonic form suggestion ex- 
plains. 
(1) the similarity of the condensation to 
the action discovered by RAINS. 
(2) the production of ortho substituted corgi -- 
pounds and 
(3) it suggests a reason for the production 
of 4:6- .ibydroxyisophthalaldehyde in 
presence of moisture. 
24. 
(4) it explains why diphenylformamidine con- 
denses with resorcinol and monornethyl 




PRKPARATION of DIPHENYLFORMAMIDINE. 
This was prepared by boiling together 
aniline and formic acid. WEITH, (Ber., 1876.9.454). 
0 H2N.C6H5 = N.031-1 
HC -4. CH +2H20 
OH H2N.C6H5 ---14H.C6H5 
40 gms. (1 mol.) of 80 per cent formic 
acid were mixed with 160 gms. (21 mols,) of aniline. 
The water, which was present in the,original acid 
together with that produced in the reaction, was dis- 
tilled away through a fract5onating column. The 
head of the column was fitted with a device for 
trapping the water as soon as it reached the top. 
After four hours gentle boiling, the tem- 
perature v,_ raised until 60cc, of aniline had dis- 
tilled over. The residual diphenylformamidine 
solidified/ 
26. 
solidified on cooling and was recrystallised from a 
small quantity of alcohol when it possessed a melting 
point of 137°. The yield was approximately 60 per 
cent of the theoretically expected quantity. 
CON=SATION of DIPEENYLFORMAMIDINE 
with RESG2CINOL. 
PRELIMINARY EXPERIMENTS and IDENTIFICATION of 
CONDENSATION PRODUCTS. 
The condensation of the diphenylformamidine 
and resorcinol was carried out at a temperature of 
approximately 130° for l hours, 14 gms. and 28 gms. 
of resorcinol and diphenylformamidine respectively 
being used, Aniline was liberated in quantity, The 
reaction product was steam distilled when aniline 
passed over. 4hen all the aniline had passed over, 
as shown by Na0C1 solution, caustic soda in excess 
was added to the residue, The whole went into solu- 
tion with production of a wine red coloration and 
aniline was liberated. This showed that all the 
diphenylformamidine had reacted. The aniline was 
again / 
24 
again distilled away in steam and the solution cooled 
and acidified. Points noticed were, 
(1) The red colour disappeared. 
(2) A mixture of a red resin and yellow needles! 
was obtained. 
The solid products of the reaction were 
filtered from the acid liquor which was then extracted 
with ether. These ethereal extractions were now 
used for the continuous extraction of the solid pros- 
ducts for 15 hours. The ethereal solution was in 
turn extracted six times with saturated sodium bi- 
sulphite solution. 
TREATMENT of BISUIPHITE EXTRACTIONS. 
The solution was acidified with concentra- 
ted hydrochloric acid and steam distilled. A yellow 
crystalline solid distilled over and a brown red 
resinous substance appeared in the flask. The yellow 
needle shaped crystals were filtered off and recry- 
o 
stallised from water when they melted at 126 -127 
o 
The yield was approximately 25-50 per cent of the 
theoretical quantity. 
The solution which remained from the stein 
distillation was cooled, filtered from the brown red 
resin (1.4 gms.) and extracted four times with ether. 
The/ 
28. 
The solution left after extraction with ether, produc- 
ed a deep green fluorescence on the addition of 
alkali. When the ether was distilled off, a crystal- 
line substance remained which was boiled for four 
hours with water and animal charcoal, a,rd the almost 
white crystals so obtained recrystallised from water 
when they possessed a melting point of 1M4° -135 °. 
(Yield 0.5 gms . ) 
TREATMENT of MHE t*r9s SOLUTION which had 
been EXTR:kCTiAil with SATURATED SODIUM BISULFATE. 
The ether was distilled off. The syrupy 
liquid which remained formed a phenylhyd zane,, oxaraa- 
zone, carbazone, and gave a peculiar yellow opales- 
cence, deepening in strong solutions to a precipita -- 
(1) 
tion with SCHIFF'S reagent. Presence of an aldehyde 
was therefore indicated, 
-ESTT?!ATION/ 
(1) This point has been further inveshigated by 
other workers in these laboratories and is due 
to the precipitation of a hydrated SCHL` F'S 
base in which the rosaniline is combined with 
several molecules of the aldehyde. 
23, 
BSTIMATION of the ALOUNT of AT4DITHYDE in 
SYRUPY LIQUID. 
The syrupy liquid was treated with semi- 
oxemazide. A semioxamazone (1.5 gms.) was formed. 
Therefore, approximately 0.7 gms of aldehyde remained 
in the ether due to incomplete extraction by saturate4 
sodium bisulphite. 
PRODUCTS SEPARATED. 
(1) Yellow needle shaped crystals, (ML.Pt l26- 
127°), volatile in steam. 
(2) White crystalline compound (M.Pt. 1340-1350) 
non-volatile in steam. 
(3) A brovm red resinous substance, 
To obtain a sufficient quantity of these 
products for identification and analysis, a few 
condensations were carried out under the same condi- 
tions, the methods of separation of the condensation 




































The disparity of yields is due to the 
difficulty of maintaining a constant temperature of 
o 
130 which was afterwards remedied. 
The constitution of the yellow needles 
(M.2+ 126°-14°) was now investigated. 
(1) Mien recrystallised from water they possess- 
ed a melting point of 1260.127 °. 
(2) An aqueous solution was coloured red brown 
with FeCI5. 
(3) With SCHIFF' S reagent, they gave in aqueous 
solution ape culiar yellow opalescence 
which deepened in strong solutions to i)re- 
cipitation. 
(4) A nitrogen test was carried out with a 
negative result. 
(5) An alcoholic solution was taken and a few 
drops of phenylhyd razine added, 2he mix- 
ture was warmed and drops of water added 
until turbidity was seen. When the solution 
was cooled a well defined phsnylhydrazsbne 
crystallised out which under the microscope 
had the appearance. 
aft. 
/! 
This classified the substance immediately 
as an aldehyde. 
The 4:6-dihydroxyisophthalaldehyde 06H4 
(OH)2 (0110)2 has been described by TIKUNN and laWY 
(Ber. 1877.1Q.2211) and a comparison of the compound 
























N?i 2OK . 
Dissolves with yellow 
colour. 
Ppts.from alkaline solu- 
tion. 
Dissolves with yellow colour 
White ppte. 
Green pats. 
Dissolves but on addition 
of 120 ppts. 
Volatile. 
Red brown colour, 
Not given, 
H2O: sol. in hot, almost 





















Forms a dioxime M.P. 209° 208 ° --2090 
An estimation of the nitrogen in the compound 
formed by the action of hydroxylamine on the yellow 
needles gave the following result. 
O.1026 gms of substance gave 12.45cc. at 17.5° 
& 750 mm. 
This represents N 14 06 per cent. 
08H804N2 requiresN 14.23 per cent. 
Thus/ 
33 . 
Thus the compound was classified as the 





The constitution of the non- volatile sub- 
stance (,Pt 1340 -1350) was now investigated, 
(1) An aqueous solution gave a deep brown 
coloration with FeCl3. 
(2) SCHI F ̀ S reagent .ave a peculiar opalescence 
or precipitate. 
(3) A nitrogen test was carried out with a 
negative result. 
(4) An alcoholic solution was taken and a few 
drops of phênylhydrazine added. The mix- 
ture was warmed and drops of water added 
until turbidity was apparent. A well de- 
fined phenylhydrazone crystallised out 
which under the microscope had the appear- 
ance. 
This classified the compound immediately as 
an aldehyde. The mono- phennThyydrazone of ß- resorcy- 
laldehyde has been described by MARCUS (Ber. , 1891. 
24.3650) as yellow needles (M.Pt 158°-1590), easily 
soluble/ 
34. 
soluble in ether and alcohol and coloured brown with 
a solution of FeCi3. The phenylhydrazone obtained 
possessed all these properties. 
The properties of A-- resorcylaldehyde . 
(TIRMANN and i IVY, Ber., 1877.1142216; G TTERKANN. 
Ber., 1899.1a.278; SCHO II and BERTSCH Ber., 1901.14. 
1441; DILIROTH and ZORPPRIT1., Ber., 1902.35.993; 
KARRER, Heiv. Chim. Acta. 7919.11.59; B.R.P. 105. 
798 and 155. 751) . prepared by G gTT3RNANN' S method 
(loc.cit.) were compared with those of the reaction 
product and reads; 
B F,SCRI.BrD RbIACTION 
RE'AG i;NT R.i SO.: C Y J".,ail,TaFFHYO . =.-, O.iuUC T. ß-` .s..;
NaOH. Soluble with slight colora - 
tion. The same 
HC1 Motes. from alkaline solu- 
ti on. 
Steam. Non- volatile 
FeC13 Deep brown coloration. 
SCHIFF'B Yellow opal. or ppte. 
REAGENT . 
Solubility. H20: Sol, in hot, in sol in 
cold. soluble in ether and 
alcohol. 
ivl.lt 134°-135° 









Forms an oxime (M.Pt 1910) M.P-t 1910 
The/ 
35. 
The oxime of ß- resorcylaldehyde has been 
described by : AJ CUS (Ber., 1891. 249 3651) as white . 
needle shaped crystals (.-.Pt 1910), easd ly soluble in 
alcohol and ethe , gives a brown red coloration with 
FeCl3 and a green preci.pit9te with 't1iL±iTrT3 solution, 
The reaction product with hydroxylarnine gave a white 
needle shaped crystalline compound which possessed all 
the properties of the oxime of p- resorcyla:ldehyde as 
stated above. 




The brown red amorphous powder isolated in 
the condensation of diphenylformamidine and resorcinol 
probably contains a little of the 3:6--di-hydroxyxan-- 
thydrol as shown by the synthesis of this compound 
(Part it of this thesis). How much is present cannot . 
be stated but a very small quantity of the compound 
only is necessary to give the dee, green fluorescence 
The two aldehydes, namely, p- resorcylalde:hyde and 
4 :6- dihydroxy i scphthalald ehy de are the only reaction 
products which may be isolated in a pure condition. 
Attempts/ 
36. 
,Attempts were now made to increase the yiel 
of p-resorcylaldehyde, by using aniline hydrochloride 
as a precipitating agent. 
In previous condensations, saturated sodium 
bisulphite was used as a means of separation of the 
aldehydes formed in the reaction. As the extraction 
was incomplete the following method was adopted. The 
crude condensation product was first hydrolysed with 
alkali and the liberated aniline steam distilled 
over. The unchanged diphenylformamidine was filtered 
off and the alkaline solution acidified which was 
then steam distilled until all 4:6-dihydroxyisophth- 
?laldehyde had passed over. The steam distilled 
solution was cooled, resin filtered off and saturated 
solution of aniline hydrochloride added when a pre- 
cipitate of the hydrated. Schiff's base of p-resorcy- 
laldehyde was obtained. The Schiff' s base was collect- 
ed and hydrolysed with alkali. Any resin formed 
during the hydrolysis was filtered off and the alka',--1 
line solution acidified and extracted with ether, 
p-resorcylaldehyde was thus obtained almost quanti- 
tatively from its solution in a fairly pure condition. 
METHOD/ 
3.7 . 
METHOD. Molecular quantities of resorcinol 
diphenylformamidi ne were heated at a temperature of 
130° for 1-5 hours. To the reaction product, the 
requisite amount of caustic soda solution was added, 
and the whole steam distilled until all the aniline 
had passed over as shoe by bleaching solution. Any 
unchanged diphenylformamidine was filtered off from 
the deep red solution. The alkaline solution was 
acidified with concentrated hydrochloric acid and then 
steam distilled when the 4:6-dihydroxyisophthalalcle- 
hyde collected in the condenser. After three hours 
steam distillation, the solution was cooled and resin 
filtered off. To the slightly acid filtrate, 20cc. 
of a saturated solution of aniline hydrochloride were 
added when j3-- resorcylal dehyde was precipitated as the 
crude hydrated Schiff's base hydrochloride. 05H3 
(OK)2. OH 0Hi\TH.C6H5. ROL This was allowed to stand 
for one hour to complete precipitation. The hydro- 
chloride was then filtered off. According to the 
excess of hydrochloride acid used in acidifying the 
caustic soda solution there remained in solution a 
corresponding quantity of the Schiff's base hydro- 
chloride. This was, therefore, separated as the 
insoluble free base by the addition of a saturated 
solution of sodium acetate. The free base was filtered 
o f f/ 
3 8. 
off, mixed with the hydrochloride and the whole 
hydrolysed with caustic soda solution. The liberated 
aniline was again distilled over in steam. The bright 
red solution was acidified and the aldehyde extracted 
with ether from the acid solution. A-resorcylaldehyde 
was obtained from the ethereal extract in a fairly 
pure condition. 
RESULTS of CONDENSATIONS at APJEOX. 130° 
for 1L hours, in which the above method of separation 
of the reaction products was employed, 
DIPHENYL- UNCHAN- 
RESOR- FORUM- GED 







20 ms. 40 gins 









5.2 gms 3,2 gins 1.5 gus 8.tms. 
3,4 gms 2.7 gins 2,55gms 5.2gm 4 
4.9 gins 0.9 gins 2.9 gins 2,7gm, 
0.4 gills 1.9 gms 1.75gms 4.1gms 
4.9 gms 1.3 gins 2,6 gins 2.2gms 
0.9 gms 1.1 gms 0.8 gms 6.4gmS 
Prom the above table, the yield of p-resor-I 
cylaldehyde has been increased to approximately 20 
per cent in some of the condensations. This indicates 
that the method of separation and purification is 
very/ 
39. 
very much better than any which involves the use of 
sodium bisulphite. The table of results also indi- 
cated that as the yield of resin increased the yield 
of A-resorcylaldehyde decreased. 
A series of condensations were now carried 
out in which the temperature and time were varied. 
The object was to increase the yield of 0-resorcyl- 
aldehyde and lower that of the resin. 
In previous condensations, a castor oil 
bath was used. It was now proposed to carry out the 
condensations at a constant temperature. The follow- 
ing apparatus, which consisted essentially of a litre 
flask with a three holed stopper through which passed 
the condenser, thermometer and condensation tube, 
was employed. The boiling point of the liouid in the 




For a temperature of 1000, water was used. 
toluene TT IT 
glacial acetic ac i6 was 
used. 
ethylene d1broTfi.ide II TT 
m-°.y1ere TT TI TT 
IT TV TT T Z1U° 
TT IT TT TT 116°, 
TT IT TT 1T 130°, 
IT Tí IT TT 1380, 
RESULTS of CONDENSATION of D IPIIFNYIs-- 
FOP.MAI.iI.1.]IIY. L 3c RESORCINOL. 
100° 5 hrs. 
1100 2 hr. 
110° 4 hrs. 
1100 4 hrs. 
110° 6 hrs < 
110° 9 hr s . 
1100 20 hrs, 
116° 22 hrs. 
1160 4 hrs. 
130° hr. 
130° 12 hrs. 
130° 2 hrs. 
















E n . 
7.5gms 15grn.s 1.4gms 1.25gms 
5 RMS. 9 gins 5 . 2gms Trace. 
7.5gms 15gr.as 5.6gms 1.15gtns 
5 gms lOgms 2.9gms 0.7gms 
5 gms 10gms 1. 2gms 1. 22g?ns 
6 . 25gms 12. 5gms 3gms . 0 .8gms 
7.5gms 15,gms :.2gins 1.3gms 
7 gms 14gms 4.lgms 1.2gms 
7.5gms 15gnis 4.5gfl.ts 1.5Rns 
5 gms 9 gms 2.8gms 0.4ons 
5 gms 10 gm,s 0.2grns 1.2g-ras 
7 gins 14gms 3 gms 1.25gms 


















4 I . 
prom these results, it is evident that 
time and temperature are important factors in resin 
formation. 
The yield of combined aldehydes in tha 
majority of above- condensations is approximately 40- 
' 50 per cent whilst the resin is greatest when the 
temperature is above 110°. 
In the previous condensations, ordinary 
reagent bottle resorcinol which had not been dried in 
any way was used. A series of condensations was now 
carried out in which the resorcinol and diphenylfor- 
mamidine were carefully dried at 100° before use, and 








UNCHAN- 2:4-DI- A-RES- 
Gan DI- HYDRO- 0110/1- RFSIY 




.100° 6hrs 5gms 9gms 1.5gms 2.4gms 0.4gms 
100° 6hrs 5gms 9gms 1,2gus 2.3gms 0.6gms 
.100° 9hrs 5gms 9gms 0.8s Trace 2,1gms 0.9gms 
110° 6hrs 5gms 9gms 105gms 2.35gms 0,5gms 
110° 6hrs 5gms 9gms 1.7gms 1.80.v.s 1.3gms 
110° 6hrs 5gms 9gms 0.4gms 1.75gms 0.9gms 
110° 6hrs 6gms 9gms l.lgms 4ms 0.8gm8 
1100 6hrs 6gms 9pms 0.4gms 73.ms 1.2gms 
130° lihrs 5gms 9gms 1.8gms 1.lgms 1.agms 1.2gms 
130° 1ihrs 5gms 9gms 2gms 0.6g.ms 1.2Rms 1.9gmS 
The/ 
CONDENSATION OF DIPHENYLFORMAMIDINE WITH 
PHENOLS. PART L A NEW SYNTHESIS OF 
ß- RESORCYLALDEHYDE. 
BY 
JOHN BALDWIN SHOESNIITH 
AND 
JOHN HALDANE. 
From the Transactions of the Chemical Society, 1923. Vol. 123. 
CCCIX._.Condensation, of Diphenylformamidine with 
Phenols. Part I. A New Synthesis of ß- Resorcyl- 
aldehyde. 
By JOHN BALDWIN SHOESauTH and JOHN HALDANE. 
THE condensation which takes place when diphenylformamidine is 
heated with compounds containing an active methylene group 
was first pointed out by Damns (Ber., 1902, 35, 2504). As an 
example of this may be quoted the condensation of the amidine 
(I) with acetylacetone, which probably takes place in two stages. 
The intermediate compound (II) is never isolated, aniline being 
liberated at once. 
a.) CH(:NPh)NHPh + CH2(COMe)2 -3- CH(NHPh)2 CH(COMe)2 (II.) 
-- CH(NHPh):C(COMe)2 (III.) -{- NH2Ph. . 
Anilinomethyleneacetylacetone (III) is isolated in almost quanti- 
tative yield. 
This type of reaction appears to be a very general one and has 
been extended by Damns and his co- workers (J. Amer. Chem:- Soc., 
1909, onwards) to a. large number of similar compounds. 
The present investigation has shown that condensation: also takes 
place between diphenylformamidine and resorcinol Aniline is 
liberated and a solid compound results. The course of the reaction 











The crude condensation product, which consists essentially of the 
Schiff's base (IV) of (3- resorcylaldehyde, unchanged resorcinol, ande 
diphenylformamidine, is hydrolysed by boiling caustic soda and 
ßresorcylaldehyde can thus be obtained in a very simple manner. 
It is, however, necessary to say that the structure to be assigned 
to compound. (IV) is not yet decided. Its .physical and chemical 
properties show that it is slightly different from the Schiff's base of 
the aldehyde which was prepared ̀ by Dimroth and Zoeppritz (Ber., 
1902, 35, 995) by another method. 
The present communication details the method of preparing 
p- resorcylaldehyde in appreciable yield ; the extension of the 
method to other phenols and the constitution of the intermediate 
compound are reserved for further investigation. 
2705 SHOESMITH AND HALDANE : CONDENSATION OF 
EXPERIMENTAL. 
Diphenylformamidine. -This was prepared by boiling together 
aniline and formic acid (Weith, Ber., 1876, 9, 454). Forty gram 
(1 mol.) of 80 per cent. formic acid were mixed with 160 grams 
(2 mols.) of aniline. The water which was present in the original 
acid together with that produced in the reaction was distilled away 
through a fractionating column. The head of the column was fitted 
with, a device for trapping the water so soon as it reached the top. 
After four hours' gentle boiling, the temperature was raised until 
60 c.c. of aniline had distilled over. The residual diphenylformami. 
dine solidified on cooling and after recrystallisation from alcohol 
melted at 137° (yield 63 grams). 
Condensation of Diphenylformamidine with Resorcinol. -A long 
series of experiments has shown the following to be the best con. 
ditions for the preparation of ß- resorcylaldehyde by this method. 
A finely powdered mixture of 5 grams (1 mol.) of carefully dried 
resorcinol with 9 grams (1 mol.) of diphenylformamidine was heated 
in a small, thin -walled flask,* totally immersed in the vapour of 
boiling water to ensure a temperature of 100 °. The mixture first 
liquefied ; solid appeared after five hours' heating. At the end of 
six hours, the condensation product was dissolved in 50 c.c. of hot 
12-15 per cent. caustic soda solution, the liberated aniline distilled: 
with steam, and the cooled filtered solution made slightly acid with 
dilute hydrochloric acid. The small quantity of resin here preci- 
pitated was separated and extracted with 20 c.c. of boiling water. 
The extract was added to the main solution, from which a saturated 
solution . of aniline hydrochloride (15 c.c.) precipitated p- resorcyl.. 
aldehyde as the hydrochloride of the hydrated Schiff's base, 
C6H3(O11)2CH(OH)NHPh,H0l. After one hour, the hydrochloride 
was collected and the base remaining in the filtrate was precipitated 
by adding a saturated solution of sodium acetate. The free base' 
was filtered off, mixed with the hydrochloride, and the whole' 
hydrolysed with caustic soda; solution. The liberated aniline was 
removed with steam, the bright red solution acidified, and the 
aldehyde, extracted with ether (yield 45-50 per cent. of the 
theoretical), was recrystallised from hot water. It was identified . 
by mixed melting -point determinations (135 -136 °), the deep brown 
colour given by ferric chloride to its aqueous solution, the feathery 
needles of its phenylhydrazone, the oxime of melting point 192 °,. 
and the peculiar yellow precipitate which it gives with Schiff's 
reagent. 
































DIPHENYLFORMAMIDINE WITH PHENOLS. PART I. 2706 
The method of purification adopted is very much better than any 
involving the use of sodium bisulphite solution. 
Condensation under other Conditions. -The same quantities of 
resorcinol and diphenylformamidine were heated at 130° for one 
and a half hours, and the hydrolysis was carried out as before. 
Acid, however, precipitated a considerable quantity of red needles, 
which were characterised as the dialdehyde of resorcinol, 
06112(OH)2(OHO)2, m. p. 126° (Tiemann and Lewy, Ber., 1877, 10, 
2211). They represented 25 per cent. of the resorcinol; a smaller 
quantity (25-30 per cent.) of monaldehyde was isolated from the 
acid solution, whilst the resin present represented 30-40 per cent. 
The aldehyde was difficult to purify. 
When the condensation was effected at 100° for nine hours, 40 per 
cent. of the expected monaldehyde, a trace of dialdehyde, and 
25 -30 per cent. of the resinous compound were produced. 
An increase in the quantity of resorcinol used caused a corre- 
sponding increase in the amount of aldehyde' produced. 
The effect of moisture on this condensation is remarkable. The 
free hydrated Schiff's base which is probably formed in the con- 
densation in presence of -moisture was found to decompose at 100° 
in the impure condition into aniline and a resin. This caused the 
yield of monaldehyde to be very poor whenever precautions were 
not taken to dry the resorcinol before use. Under these conditions, 
it is interesting to point out the as yet inexplicable formation of 
dialdehyde. 
Five grams of resorcinol (which had not been dried in any way), 
on condensing with 9 grams of diphenylformamidine, gave 25 per 
cent. of the monaldehyde, 27 per cent. of the dialdehyde, and resin 
representing 20 per cent. of resorcinol. 
Distillation with steam in the absence of caustic alkali is not a 
practicable method of removing the aniline from the Schiff's base 
produced in the condensations This is due to the decomposition of 
the hydrated Schiff's base by moisture at 100 °, as already stated. 
The resin obtained dissolves afterwards in caustic alkali with a deep 
red colour, but does not appear to be a definite compound. 
Summary. 
(1) Diphenylformamidine and resorcinol condense together on 
heating with liberation of aniline. The condensation product, 
hydrolysed by caustic alkali, yields aniline and 13- resorcylaldehyde. 
(2) The method by which the best yields of (3- resorcylaldehyde 
may be obtained is described and the deleterious effect of moisture, 
too long heating, and condensation at too high a temperature 
pointed out. 
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42. 
The yield of p-resorcylaldehyde in certain 
of the above condensations has been increased to 45- 
50 per cent of the theoretically expected quantity 
and the quantity of resin correspondingly lowered. 
22he experiments which have been undertaken 
in order to prepare p-resorcylaldehyde by this new 
method are summarised, in the following account which 
has already appeared in the transactions of the 
Chemical Society. (1923.124,2704). 
A finely powdered mixture of 5 gms. (1 mole) 
of carefully dried resorcinol with 9 gms. (1 mol.) 
of diphenylformamidine was introduced into a small 
thin walled flask which was then immersed in the vapour 
of boiling water to ensure a temperature of 1000. The 
miAture first liquified 
; 
solid appeared after 5 
hours heating. At the end of 6 hours, the condensa- 
tion product was dissolved in 50cc. of 12-15 per cent 
caustic soda solution. The condensation product only 
goes completely into solution in hot alkali. The 
liberated aniline was steam distilled away from the 
bright red alkaline solution. When the solution was 
cold, the unchanged diphenylformamidine was filtered 
off and the alkaline solution acidified with dilute 
hydrochloric acid. The small quantity of resin here 
precipitated/ 
43. 
precipitated was separated and extracted with 20ce. 
of boiling water. The extract was added to the main 
solution from which a saturated solution of aniline. 
hydroc_iloride (15cc.) precipitated the A- resorcyla,l- 
dehyde as the hydrated Schiff's base hydrochloride, 
06H3 (OH) 2 . CH OH NH C 5H5 H01. After this had stood 
for an hour to complete precipitation, the hydro- 
chloride was filtered off, According to the excess 
of hydrochloric acid used in acidifying the alkaline 
solution, there remained in solution a corresponding 
quantity of the ;áchiff's base hydrochloride. This 
was therefore separated as the insoluble free base 
by the addition of a saturated solution of sodium 
acètatee The free base was filtered off, mixed with 
the hydrochloride and the whole hydrolysed with 
caustic soda solution. The liberated aniline was 
again distilled over in steam. The bright red solu- 
tion was acidified and the aldehyde extracted with 
ether from the acid solution. From the ethereal 
extract, the aldehyde was obtained in 45-50 per cent 
of the theoretically e_ ected quantity. 
44. 
12FECT of CARRYING out the CONDENSATION 
at a HIGh.1122 TEMPERATURE. 
The same civantities of resorcinol and di- 
phenylformamidine were heated at a temperature of 1300 
for 12, hours. The hydrolysis was carried out as be- 
fore. Acid, however, precipitated a considerable 
quantity of reddish needles. These were filtered off 
and purified by distillation in steam after which 
they were characterised as 4: 6 -d ihydroxyisophthalalde- 
hyde. 06H2 (OH)2 (CHO )2 and possessed a melting point 
of 1260 --127°, (TT MANN and LE{ Y. Ber., 1877.10.2211). 
They represented 25 per cent of the resorcinol. A 
smaller quantity of ß- resorcylaldehyde was isolated 
from the acid solution, only 25 -30 per cent being ob- 
tainable whilst the resin was present in an amount 
representing 25 -30 per cent of the resorcinol. The 
fi-resorcylaldehyde so obtained was difficult to 
purify. 
E PCT of PROLONGING the TIIIK of HEATING. 
Carefully dried resorcinol (5gms.) and di- 
phenylformamidine (9gms.) when heated at a temperature 
of 100° for 9 hours gave 40 per cent of the expected 
ß-resorcylaldehyde, a trace of 4;6--dihydroxyisophthal- 
aldehyde and 20 per cent of the resinous compound. 
EFFECT / 
.' 
.1. ., .uC 
45. 
EFFECT of VARYING the WANTITIES of the REACTANTS. 
An increase in the quantity of resorcinol 
used, caused a corresponding increase in the amount of 
aldehyde produced. 
EFFECT of MOISTURE on the CONDENSATION, 
The effect of moisture on this condensation 
is remarkable, he free hydrated Schiff's base which 
is probably formed in the condensation in presence of 
moisture was found to decompose at 1000 in the impure 
condition into aniline and a resin. This caused the 
yield of ß-resorcylaldehyde to be very poor whenever 
precautions were not taken to dry the resorcinol before 
use. Under these conditions, it is interesting to 
point out the formation of 4 :6-dihydrox,yisophthal- 
aldehyde. 
Ordinary reagent bottle resorcinol (5Ons.) 
which had not been dried in any way, when heated with 
dipheylformarnidine (9gms.) at a temperature of 100° 
for 6 hours, gave 25 per cent of p-resorcylaldehyde, 
27- per cent of 4:6-dihydroxyisophthalaldehyde, nd 
resin representing 20 per cent of resorcinol. 
 
46 
APPLICATION to other PHENOLS. 
I. CONDENSATION of DIPHENYLFORMAMIDINE and 
MONOMETHYL -RESORCINOL. 
Preparation of monomethyl- resorcinol. This was 
prepared according to the directions given by 
ULLMANN. (Annalen., 1903.327.116). A solution of 
resorcinol in the requisite amount of caustic soda 
was agitated with dimethylsulphate until the solu- 
tion was neutral. An oil separated. From the lat- 
ter on treatment with alkali dimethyl- resorcinol was 
obtained in approximately 60 per cent yield of the 
theoretical quantity. The alkaline solution when 
acidified and extracted With ether yielded the mono 
methyl derivative in approximately 30 per cent yield' 
of the theoretical quantity. 
PRELIMINARY CONDENSATION. 
Diphenylformamidine (7 gms.) and monome- 
thyl- resorcinol (3 gms.) were heated at a 
temperature of 2100 for 6 hours. To the crude 
condensation/ 
4-7. 
condensation product the requisite quantity of 50 per 
cent sulphuric acid was added and the solution steam 
distilled. The distillate had a distinct odour not 
unlike that of vanillin and readily gave a p- nitro- 
phenylhydrazone, which indicated the presence of an 
aldehyde. The aldehyde present in the distillate was 
extracted by the sodium bisuiphite method. (Yield 0.5 
gms.) This substance when recrystallised from dilute' 
alcohol possessed a melting point of 410 and readily 
formed a phenylhydrazone (M.P +.137 0 . It dissolved 
in alkalies with an intense yellow coloration and an 
alcoholic solution of the aldehyde gave an intense 
red coloration with Pea13. 




prepared by TIEMANN (Ber., 1880.13.2637) and OTT 
(Ber., 1922.55B.920) and a comparison of the compound 
there described and the reaction product reads. 
4g. 
REAGENT. DESCRIBED 
















Dissolves with yellow 
colour. 
Deep reddish brown 
coloration, 
Volatile 
Insol in H20.easily 
soluble in alcohol 
ether, benzene and 
ligroin 
Yellow 
Crystalline Pb com- 
pound 











The following results were obtained when 
an attempt was made to increase the yield of 4- 
methoxy -2- hydroxybenzaldehyde by the condensation of 
diphenylforrnamidine with monomethyl- resorcinol. The 
method employed for the separation of this aldehyde 
in the following condensations was as follows:- 
i 
To the crude condensation product, the 
requisite quantity of a caustic soda solution was 
added and the solution steam distilled until all ani- 
line had passed over. The unchanged diphenylformami - 
I 
dine was filtered off and the alkaline solution 
acidified with dilute hydrochloric acid. The acid 
solution was extracted with ether and 10c.c. of satu- 
rated sodium bisulphite solution added to the ether- 
eal extracts. The ether was' then distilled away and 
the remaining bisulphite solution was extracted with 
ether before it was decomposed with 50 per cent sul- 
phurie acid. The 4- methoxy -2- hydroxybenzaldehyde was 
obtained in almost a pure condition when the acid 
solution was extracted with ether. 
Results/ 
50. 
RESULTS of CONDENSATION of DIPHENYLFORMAMIDINE 
and MONOMETHYL RESORCINOL. 

















1160 7 hrs, 4 gins 7 gms. 3.2 gms. - . 0.4 gms. 
1300 ,6 hrs 3 gms. 7 gals 2.8 gins. - 0.4 gms. 
1380 7 hrs,4 gms. 7 gms. 2 gms. i gm. 0.5 grils. 
1380 6 h_rs 4 gms. 7 gms. 1.8 gms. 0.8gms. 0.7 gma. 
1500 4 hrs , 3 gms . 6 gms . 2.4 gms . O . 6gms. . 0 . 7 gms. 
1830 1 hr. 3.5gms 7 gms. i gm. 1.2 gms 0.8 gms. 
1830 2 hrs , 3.5gms 7 gms. 0.8 gnls, 1.4 gms, 0.9 gms. 
1830 l*hrs , 3 gms. 6 gms. 0.4 gns. 2 gras 0.6 gms. 
1830 2 hrs,3.5gms,7 gms 1 gm 1.3 gms 0.8 gms. 
1930 1?hrs, 3 gras 7 gras - 3.5 gms,. Trace. 
From the above results, it is evident that 
the best yield of 4- methoxy- 2- hydroxybenzaldehyde. 
i.e., approximately 20 per cent of the theoretical 
quantity, is obtained when diphenylformamidine and 
monomethyl resorcinol are heated at a temperature of 
183° for 2 hours. 
2/ 
Sf. 
2. CONDENSATION of DIPHENYLFORMAMIDINE and 
DIMETHYL RESORCINOL. 
A preliminary condensation of molecular 
quantities of diphenylformamidine and dimeth r res- 
orcinol was carried out at a temperature of 2100 for 
6 hours. When the reaction product was worked up in 
a similar planner to that employed in the previous 
condensation, namely diphenylformamidine and monorae= 
thyl resorcinol, a small quantity of an a1.d.e'nyde was 
isolated and which was proved to be 4- methoxy -2- 
hydroxybenzaldehyde. An examination of the dimethyl 
resorcinol however proved the presence of a small 
quantity of the monomethyl derivative which was very 
resistant to alkali extraction and had reacted with 
the diphenylformamidine at 2100. That the mono- 
methyl resorcinol had reacted with the diphenyl- 
formamidine was proved when dimethyl resorcinol which 
had been freed from the monomethyl derivative by 
many extractions with alkali in ethereal solution 
was heated with diphenylformamidine at a temperature 
of 210° for 6 hrs. In this condensation, 
an/ 
no trace of 
sz. 
an aldehyde could be detected. 
Therefore, dimethyl resorcinol does not 
react with diphenylformamidine. 
83, 
3. CONDENSATION of DIPH NYLPORMAMIDINE and 
CATECHOL. 
Molecular quantities of diphenylformami- 
dine and catechol were heated at a temperature of 
1100 and 130° respectively for six hours. The con- 
densation product in each case had a strong odour of 
carbylamine. When the condensation products were 
hydrolysed with the necessary Quantity of caustic 
soda solution, Only a trace of aniline was liberated 
in each case. From the amount of unchanged diphenyl- 
:rormamidine recovered it was concluded that the re- 
action had only proceeded to a very slight extent. 
When the alIaline solutions were acidified however, 
a small quantity of aldehyde was obtained in each 
case by the bisuiph.ite method of separation. The 
very impure product readily gave a p-nitrophenyl- 
hydrezone and a green coloration with PeO13 chang- 
ing to red on the addition of sodium carbonate which 
is a characteristic reaction of protocatechriccr, 
aldehyde. 
S4. 
4. CONDENSATION of DIPHENYLFORMAMIDINE and 
GUAIACOL. 
Guaiacol (4 gins.) and diphenylformaridine 
(7 gins.) were heated at a temperature of 183° for two 
hours. The necessary quantity of caustic soda solu- 
tion was added to the condênsation product and the 
solution steam distilled until all aniline had 
passed over. The unchanged diphenylformarnidine (5.4 
gms.) was filtered off and the alkaline solution aci- 
dified with dilute Hydrochloric acid. In order to 
isolate any aldehyde formed, the bisulphite method 
was employed. Actually, a small quantity of an oil 
with an odour not unlike that of vanillin and which 
gave all the reactions of an aldehyde was obtained. 
As a result of the large amount of un- 
changed diphenylformamidine recovered in the first 
experiment, the following condensations were carried 
out at a higher temperature, the method of separation 
being as follows:- - 
The crude condensation product was 
hydrolysed with the requisite quantity of caustic 
soda/ 
55. 
soda solution and the solution steam distilled until 
all aniline had passed over. The unchanged diphenyl- 
fornamidine was filtered off and the alkaline. solution 
acidified. The acid solution was then steam distilled 
until the distillate gave no p-nitrophenylhydrazone. 
The distillate was extracted with ether and the 
aldehyde purified by the bisulphite method. The 
best yield of the aldehyde obtained was approximately 
10 per cent of the theoretically expected quantity. 
RESULTS of CONDENSATION of DIPHENYLFORMAMIDINE 
and GUAIACOL. 













2100 6 hrs 4 gms 7 gms 3.8 gms 1.6 gms 0.5 gm, 
2100 7 hrs 4 gms 7 gms 4.4 gms 1.3 gms 0.4 gm 
2100 7 hrs 4 gms 7 gms 4 gms 1.2 gms 0.6 on 




This aldehyde was suspected to be 3-methoxy 
-2-hydroxybenzaldehyde and a comparison of its 
Properties and those of 3-methoxy-2-hydroxybenzalde- 













Soluble with an in- 
tense yellow colour. 
Alcoholic solution - 
deep green. 
Volatile. 
Insol in H2 0, easily 
soluble in alcohol, 
ether, and benzene. 
Forms a double com- 
pound very easily. 
Therefore, guaiacol and diphenylformami- 
dine condense and after hydrolysis, 3- methoxy -2- 





. CONDENSATION of DIPHENYLFORMAMIDINE and 
QUINOL. 
Two condensations were carried out at a 
temperature of 183° and 1500 for two hours and four 
hours respectively and in each case the condensation 
product possessed a strong odour of carbylamine. 
When the condensation products were hydrolysed with 
the requisite quantity of caustic soda solution 
merely a trace of aniline was liberated in each case. 
This showed that the reaction had proceeded only to 
a very slight extent. When the alkaline solution 
was acidified a trace of aldehyde, as detected by 




6. CONDENSATION of DIPHENYLFORMAMIDINE and 
PHLOROGLUCINOL. 
A finely powdered mixture of anhydrous 
phfloroglucinol (2.5 guts.) and diphenylformamidine 
(4.5 gins.) were heated at a temperature of 130° for 
four hours. The deep red condensation product 
readily dissolved in caustic soda solution. The 
alkaline solution had a distinct odour of carbylam- 
ine. When this solution was steam distilled, only a 
trace of aniline passed over as shown by bRacHing 
solution. The unchanged diphenylformam.idine was 
filtered off and the solution acidified with dilute 
hydrochloric acid. A dark resin was precipitated 
and no trace of an aldehyde could be obtained. 
The condensation was repeated at 1300 for 
10 minutes but again there was a distinct odour of 




EFFECT of CARRYING OUT the REACTION in 
SOLUTION. 
(a) Anhydrous phyloroglucinol (2 gma.) 
was mixed with diphenylformamidine (4 ins.) and 10 
c.c. of aniline and heated at a temperature of 1300 
for four hours. From the amount of unchanged di- 
phenylformamidine recovered after hydrolysis with 
alkali, it appeared that no reaction had taken place; 
under these conditions. 
(b) Anhydrous phioroglucinol (2 gms.) and 
diphenylformamidine (4 gnus.) were dissolved in 40 
c.c. of m- xylene and the solution was boiled for six 
hours. When the solution was steam distilled a 
small quantity of aniline passed over. The dis- 
tilled solution was cooled and unchanged diphenyl- 
formamidine filtered off. A dark red - resinous sub- 
stance appeared on the addition of acid. The acid 
solution was extracted with ether and was found to 
contain a trace of aldehyde as detected by p -ñitro 
phenylhydr-azine. 
7/ 
7. CONDENSATION of DIPHENYLFORMAMIDINE and 
-PYROGALLOL. 
A preliminary investigation showed that 
diphenylformamidine and p`yrogallol reacted only to 
a slight extent when heated at a temperature of 1000 
At a temperature of 138° the condensation product 
was chiefly a tar which had a strong odour of carby- 
laminine. 
At the intermediate temperature of 1100 
the two compounds condensed together and after hy- 
drolysis, an aldehyde which reorysballised from water 
and possessed a melting point of 157° was obtained 
in approximately 15 -20 per cent of the theoretically; 
expected auPntity. The aldehyde was isolated by 
the bisulphate method. 
RESULTS of CONDENSATION of DIPHENYL ?ORMAMIDINE 











1000 l -hrs 5 gms 6.5 gms 3.5 gms Trace 
1100 2 hrs 4.5gms 6 gms 2.4 gins 0.4 gms 
110° 2 hrs 4.5 gms 6 gms 2 gms 0.7 gms 
1100 4 hrs 4.5 gins 6 gms 1.4 gms 0.9 gms 
The/ 
The reaction product recrystaliised from 
water and possessed a melting point of 157° and read- 
ily formed a phenylhydrazone (M.P +.161 °). GATTERMANN 
(Ber., 1899.U.281.) prepared pyrogallol aldehyde by 
the HON method and the melting points of the aldehyde 
and phenylhydrazone are given as 157° -1580 and 161° 
respectively which agree with those of the aldehyde 
isolated from the condensation of diphenylformamidine 
and pyrogallol. Therefore pyrogallol aldehyde can be 
obtained in approximately 15 -20 per cent of the 
theoretically expected quantity by the condensation of 
diphenylformamidine and pyrogallol. 
It was found in the condensations carried 
out at a temperature of 110° for more than two hours 
that the solution, obtained after the condensation 
product had been hydrolysed with alkali and then 
acidified, was difficult to extract with ether as a 
result of the formation of an emulsion. 
8./ 
62. 
g. C0NDENSATION of DIPHENYLFORMAMIDINE with 
PHENOL. 
Phenol and diphenyiformami_dine were found 
to condense together and salicylaldehyde was iso- 
lated. In the hope of making the yield comparable 
with that obtained by other methods, a long series 
of condensations were carried out. The following 
were found to be the best conditions for obtaining 
salicylaldehyde from the condensation of diphenylfor- 
mamid.ine and phenol. 
Molecular civantitie s of phenol and diphen- 
ylformamidine were heated at a temperature of 2000 for 
six hours. To the crude condensation product, the 
requisite quantity of caustic soda solution was 
added and all the aniline distilled over in stead. 
The unchanged diphenylformamid.ine , if any, was fil- 
tered off and the alkaline solution acidified with 
dilute hydrochloric acid. The acid solution was ex- 
tracted with ether and this ethereal solution extraea- 
ted with saturated sodium bisulohite (150.c.). The 
bisulphite solution was in turn extracted with ether 
to/ 
63. 
to remove phenol and then decomposed with 25 per cent 
sulphuric acid. Salicylaldehyde was obtained by the 
extraction of the acid solution in approximately 20 
per cent of the theoretically expected quantity. 
CONDENSATION RESULTS. 










183° 6hrs 4.5gins 9 gins 5 gins Verm 0.4gms 
193° 6h.rs 4.5gms 9 gins 3 gms 0.6gms 
193° 10hrs 4,5g:als 9 gms 2gms 0 , 8gms 
199° 4hrs 4.5gms 9 gms 1 gm: 1.4gms 0. 8gms 
199° 5hrs 4. 5gms 9 gras 0.4 gms 2gms 0 . 8gms 
199° 4hrs 4.5gms 9 gms 1.4 gm.s 1.2gms 0.7gms 
199° 6hrs 4. 5gr1s 9 gms 3. 8gms 0. 8gms 
1990 6hrs 4, 5gm5 9 gins 4gms 0. 9gms 
1990 6hrs 4. 5gm.s 9 gms 3.9gms 0 . 9gmsj 
1990 6hrs 4.5gms 9 gms 4.2gms 0.7 gins 
2100 4Y?._rs 5gins 10 gi'ils Trace 4gms 0 , 9gns 
2100 6hrs 4.5gms 9 gms 5gms Trace 
2100 6hr s 4.5°1ll.M 9 gins 5gms Trace 
As/ 
61. 
As is seen from the table, resin formation 
is the chief difficulty and it does not appear pose- 
ïble to eliminate it. At a lower, - condensation tem- 
perature e.g., 183° no resin is formed but the re- 
action does not go to completion and the salicyl- 
aldehyde formed after hydrolysis of the condensation 




9. CONDENSATION of o-NITROPHENOL with DIPHENYL- 
FORMAMIDINE. 
Molecular quantities of o-nitrophenol and 
diphenylformamidine were heated at a temperature of 
183° for six hours. When the condensation product was 
hydrolysed with the requisite quantity of caustic 
soda solution only a trace of aniline was liberated. 
The unchanged Cdiphenylformamidine was filtered off 
and the alkaline solution acidified. Only a trace of 
an aldehyde as detected by D-nitrophenylhydrazine 




10. CONDENSATION of p- NITROPHENOL with DIPHENYL- 
FORMAMIDINE. 
Molecular quantities of p- nitrophenol and 
diphenylformamidine were heated at a temperature of 
183° for six hours. There was a pronounced odour of 
carbylamine in the condensation product. When the 
crude condensation product was hydrolysed with the 
necessary quantity of caustic soda solution only a 
trace of aniline was liberated. The unchanged di- 
phenylformamidine was filtered off and the alkaline 
solution acidified when only traces of an aldehyde, as 
detected by p- nitrophenylhydrazine, could be separated 
by the bisuiphite method. 
il 
6y;. 
11. CONDENSATION of DTPHENYLFORMAMIDINE and 
o-CRESOL. 
o-Cresol (4 gms) and diphenylformamidine 
(8 gms) were heated at a temperature of 183° for six 
hours. The crude condensation product was steam dis- 
tilled until all aniline and unchanged o-cresol had 
passed over. The requisite quantity of caustic soda 
solution was then added and the solution steam die- 
tilled when a further Quantity of aniline-passed over. 
The unchanged diphenylformamidine was filtered off 
and the alkaline solution acidified with dilute hy- 
drochloric acid. The acid solution was then steam 
distilled. The distillate had an odour not unlike 
that of sà1icylúdehydeT which indicated the presence 
of an aldehyde in the distillate. The distillate was 
therefore extracted with ether and the ethereal ex- 
tracts dried over calcium chloride. When the ether 
was distilled away, an oil which had a distinct odour 
resembling that of salicylaldehyde was obtained. The 
oil gradually solidified (Yield 1.1 gms) 






Its properties were compared with those of 3- methyl- 
2- ?ydroxybenzaldehyde as stated by TIEMANN. (Ber., 
1878.11.772) - The comparison reads:- 
REAGENT. Described. 













Oil at 200 with an 
odour resembling that 
of salicylaldehyde. 
Dissolves with yellow 
colour. 
Alcoholicsoln gives 





Green pptd. insol in 















12. CONDENSATION of DIPHENYLFORMAMIDINE with 
m- CRESOL. 
m- Cresol (4 gms) and diphenylformamidine 
(8 gms) were heated at a temperature of 2100 for six 
hours. The requisite quantity of caustic soda solu- 
tion was added to the condensation product and the 
alkaline solution steam distilled until all armiline 
had passed over. There was no unchanged diphenyl- 
formamidine. The alkaline solution was acidified and 
steam distilled when an oil, which gradually solidi- 
fied, appeared in the condenser. The acid solution 
was steam distilled until no trace of an aldehyde 
could be detected by means of p- nitrophenylhydrazine. 
The solid prod .ct in the distillate was filtered off 
and the filtrate extracted for a further quantity of 
the aldehyde. This aldehyde recrystallised from 
slightly diluted alcohol in long yellow needles 
(M.P +59 °), and formed a phenyihydrazone (MP +160 °) 
which recrystallised in long needles from alcohol. 
As this aldehyde was suspected to be 4- methyl -2 -hy- 
droxybenzaldehyde its properties were compared with 
those/ 
7r 
those of 4- methyl- 2- hydroxybenzaldehyde as stated by 
CHUIT and BOLSING (Bull.Soc.chim.1906.(3)35.82 ) 
The comparison reads:- 
REAGENT. Described. 












C0H5 NH NH2 
M.P+. 







Green ppte. insol in 
XS, of NH4OH. 
Recrystallises from 
E +OH in yellow needles: 
fairly soluble in warm 
H2O 














In a condensation carried out at a tempera- 
ture of 199° for six hours in which 4 gms of m- cresol 
and 8 gms of diphenylf ormamidine were used, 1.2 gms 
4- methyl- 2- hydroxybensaldehyde and 2.4 gms of resin 
were separated. The method of separation was similar 
to that employed in the previous condensation. 
13/ 
7 
13. CONDENSATION of DIP ±iENYLrORMAMIDINE with 
p-CRESOL. 
p- Cresol (4 gms) and diphenyl formaluid ine 
(8 ems) were heated at a temperature of 193° for six 
hours. The condensation product which had a distinct 
odour of aniline was steam distilled until all 
p- cresol and aniline had passed over. The requisite 
quantity of caustic soda was then added and the solu- 
tion again steam distilled until all the liberated 
aniline had passed over. There was no unchanged 
diphen.ylformamidine. The alkaline solution was acidi- 
fied with dilute hydrochloric acid and the acid solu- 
tion steam distilled. A volatile aldehyde, as de- 
tected by p- -nitro phenylhydrazlne, passed over and 2.5 
gins of resin remained in the distilling flask. The 
solid aldehyde in the distillate was filtered off and 
a further quantity of the aldehyde was obtained form 
the filtrate by the bisuiphite method of. purification 
The total yield of aldehyde was 0.8 `ms. 
The aldehyde recrystallised from diluted 
alcohol/ 
74. . 
alcohol and possessed a melting point of 55 °. It 
formed a phenylhydrazone very readily which recry- 
stallised from alcohol in long yellow needles (IMP 
1490). 
As the aldehyde was suspected to be 5- 
methyl- 2- hydroxybenzaldehyde its properties were com- 
pared with those of 5- methyl- 2- hydroxybenzaldehyde 
as stated by TIEMANN. (Ber., 1878.11.777 & 785) . 
The comparison reads. 
D ESC RIBED REACTION 
REAGENT. 5-i,LTHYD-2-iiYDROXYBENZ- PRODUCT. 
ALDEHYDE. 
NaOH Soluble with yellow colour The same. 
FeCI5 Deep blue coloration. 










Green ppte. insol in XS. of 
NH40H 
Sparingly soluble in H20, 
easily in alcohol, ether & 
chloroform. 
560 Mat. 












Therefore,the aldehyde is 5- methl -2 -hyd roxyó 






14. CONDENSATION of DIPRFNYLr ORMAMIDIN£ & 0C-NAPHTHOL. 
PRELIMINARY CONDENSATION. 
A finely powdered mixture of aC -naphthol 
(4 gms.) and diphenylformamidine (5.25gms.) was heat- 
ed at a temperature of 130e for four hours. Aniline 
was liberated. The necessary quantity of caustic 
soda solution was added to the crude condensation pro- 
duct and the liberated aniline steam distilled over. 
During the steam distillation a dark green resin 
appeared in the flask. The resin (5gms.) was filtered 
off and the solution acidified when a precipitate 
containing unchanged 0-C.-naphthol was obtained. The 
precipitate, however, gave an oxime, oxamazone and an 
orange coloured p-nitrophenylhydrazone. It was hoped, 
at this point, to separate the aldehyde as the bi- 
sulphite compound, a method by which GATTERMANN (Ber., 
l899' .284) had isolated the aldehyde from oC -naph- 
thol and hydrocyanic acid. It was found, however, 
that this aldehyde only formed a bisulphite compound 
very slowly. However, when the acid solution of the 
aldehyde was steam distilled, a yellow oil which 
slowly solidified, appeared in the condenser. This 
volatile product when recrystallised from dilute 
alcohol/ 
77. 
alcohol possessed a melting point of 58 ° -59 °, readily 
gave an oxime (M.rfi-, 1450), a semioxamazone and an 
orange coloured p.- nitrophenylhydrazone, It was 
decided to prepare a small quantity of the 1- hydroxy- 
4- naphthaldehyde according to GATERMANN"S method 
(Ber., 1899.32.284) for comparison with this reaction 
product. 
PREPARATION of l-HYDROXY 4 -N,D PHTHAZDEHYDE. 
oC- Naphthol (7.5 gms.) was dissolved in 
20 c.c. of ether and to the solution 5 c.c, of liquid 
hydrogen cyanide and 7.5 gms. ZnO12 were added. The 
solution was then saturated with dry hydrogen 
and the imine hydrochloride precipitated from the 
ethereal solution was decomposed with water. 
A comparison of the properties of the re- 
action product (M.P 7-- 58 -59) and the l- hydroxy -4- 











NaRS03 Forms a double compound very Only very 
easily. slowly. 








The reaction product is not the 1- hydroxy- 
4- naphthald ehyd e . 
FRIEDLANDER (Ber., 1908.411037) has pre- 
pared the 1- hydroxy- 2-- nephthaldehyde by boiling the 




ONa /V\ CHO Na.Ooe /.\ t 
A comparison of the properties of the 1- 
22naphthaldehyde as stated FRI DLANDER 
(loe.citJ and the reaction product reads 
REACTION 
REAGENT 1-HYDROXY-2-NAPHTHALDEHMR PRODUCT. 
FeO13 Dark green coloration 
Steam Volatile. 
NaRSO Forms a bi sulphite compound 
very slowly. 
Solubility Only very slightly soluble in 
warm water; easily soluble 
in alcohol. 
NH2OH. 
M. P ±.. 
The same 
Forms an oxime l',I.P ';, 145°. 
59 0 580 -590 
The/ 
79. 
The comparison shows, therefore, that 
o( -naphthol and diphenylformamidine condense and the 




This result is of interest because of the 
absence of the le4 isomeride and the greater ease of 
preparation of this aldehyde by the new method as 
compared with that of FRIEDLAND R ( loc. cit. ) This 
condensation was investigated very fully because of 
the relative importance of such an easy method for 
obtaining the aldehyde. 
In all the experiments, after the 0C-naph- 
thol and diphenylformamidine had been heated together 
the product was hydrolysed with the requisite quantity 
of 10 per cent caustic soda solution and the liberated 
aniline steam distilled off. A dark green resin 
generally made its appearance in the flask during the 
steam distillation. When all the aniline had passed 
over, the resin was filtered off and a saturated 
solution of sodium chloride added to the yellow green 
alkaline solution. A paste of the sodium salt of the 
aldehyde/ 
80. 
aldehyde separated in yellow green leafy crystals 
which was washed with a small quantity of sâtarated 
sodium chloride and then decomposed with hydrochloric 
acid. The 1»- hydroxy- 2- naphthaldehyde so obtained 
was recrystallised from dilute alcohol,when it poss- 
essed a melting point of 584)M -59 °. 
The condensation is adversely affected by 
a high temperature but does not go at all at a lower 
temperature. A series of condensations were carried 
out at 800; 85 °; 900; 95° and 110 ° These tempera- 
tures were obtained bL7 using benzene, toluene or 
a mixture of these two. By means of the following 




The mixture of benzene and toluene was boiled until 
the thermometer registered the required temperature 
when the vole apparatus was tilted as shown by dotted 
lines. During the condensations, it was noticed that 
the temperature only rose 0.5° after a period of six 
hours. 
RESULTS of CONDENSATION of DIPHENYLFORMAMIDINE 
and oC- NAPHTHOL. 
TEMP. TIME O(- NAPHTHOL DIPHENYI- AIDE 




















7 gms. 6gms..Form Trace 
7 gms. 1.8 gms. 1.2gms 
7 gms. 1.9 gms. 1.3gms 
7 gins. 1.6 gms. 0.8gms 
7 gms. 2.9 gms 1.2gms 
7 gms. 2.1 gms." 1.8gms 
95° 6 hrs. 5.5gms. 7.75gms 1.9gms. 2.1gml 
95° 6 hrs. 5 gms. 7 gms. 1.9 gms. 1.9gms 
Form 
100° 2 hrs. 4 gms. 6 gms. 0.7gms 
Resin 
100° 4 hrs. 4.5gms. 6.5gms. 3.5gms. 1.3gms 
1000 4 hrs. 5 gms. 7 gms. 3.9gms. 1.5gms. 
100° 4 hrs. 5 gms. 7 gms. 3.5gms. 1.4gms. 
1100 2 hrs. 5 gms. 7 gms. 2.8gms. 1.5gms. 
110° 2 hrs. 5 gms. 7 gms. 3.1gms. 1.4gms 
130° 4 hrs. 4.5gms. 6.5gms. 5 gms. Trace. 
From/ 
82. 
From results, at 77c there is no resin 
formed in the condensation but the reaction does not 
go exceedingly well as can be seen from the amount 
of unchanged diphenylformamidine. At a temperature 
o 
of 130 the reaction seems to go to completion from 
the amount of aniline liberated but the main product 
isolated was a dark green resin insoluble in caustic 
soda solution. 
The best yield of the aldehyde, i.e., 
approximately 30-m40 per cent of the theoretically 
expected quantity, is obtained when the condensation 




15. CONDFNSATION of DIPHENYT,FORMAMIDINF' 
WITH /3 - NAPHTHOL. 
A preliminary investigation showed the 
following to be the best conditions for obtaining 
2- hydrox -l- raphthaldehyde by the condensation of 
diphenylformamidine and A -naphthol. 
Molecular quantities of A -naphthol and 
diphenylformamidine were heated at a temperature of 
130° for six hours. The requisite quantity of caus- 
tic soda solution was added to the condensation pro- 
duct and the alkaline solution steam distilled until 
all the aniline had passed over. The alkaline solu- 
tion was cooled and the unchanged diphenylformamidine 
filtered off. The alkaline solution was then acidi-e 
fled when unchanged /8 -naphthol and aldehyde were 
precipitated. The aldehyde was obtained free from 
9 -naphthol by a modification of the method employed 
in the separation of g -resorcylaldehyde. /3-naph- 
thol is appreciably soluble in dilute alcohol while 
the Schiff °s base of the aldehyde is only slightly 
soluble in this solvent. The precipitate was, there- 
fore, dissolved in alcohol and boiled with 5 c.c. 
of aniline for 15 minutes. The solution was cooled 
and/ 
84, 
and diluted when yellow needles were precipitated. 
These were recrystallised from dilute alcohol and 
found to possess a melting point of 99 °. The Schiffes 
base, so obtained was hydrolysed with 20 c.c. of 
10 -15 per cent caustic soda and the liberated aniline 
steam distilled over. The alkaline solution was then 
acidified when a yellow brown precipitate was obtain- 
ed which recrystallised from dilute alcohol in prisms, 
(M.14.81°). This compound readily gave a p- nitro- 
phenyihydrazone,phenyihydrazone and oxime. It was 
found to be the expected 2w hydroxy- l- raphthaldehyd.e. 
The following summary of results of condensations of 
diphenylformamidine with f3 -naphthol at a temperature 
of 130° for six hours, shows the readiness with which 










4 gms. 5.5 gms. 1.2 gms. 2.2 gms. 
4 gms. 7 gms . 1.8 gms. 2.3 gms. 
4 gms. 7 gms . 2.1 gms. 2.1 gms. 
4 gms. 6 gms. I gm. 2,4 gras. 
5 gms. 7 gma. 0.6 gms. 2.9 gms. 
In/ 
85. 
In these condensations, no resin was formed. 
The yield of aldehyde was approximately 50 per cent 
of the theoretically expected quantity. From the 
condensation product, it was afterwards possible to 
isolate the intermediate compound which is described 
on pp9k, 
In order to make glite sure of the identity 
of the aldehyde, 2- -hydroxy- l- naphthaldehyde was pre- 
pared according to directions given by GATTERMANN 
(Ber., 3_899.32.284) and its properties compared with 
the reaction product. 
PREPARATION of 2-HYDROXY l--N.A,:PHTEADDEHYDE. 
A- Naphthol (7.5 gms.) was dissolved in 30 
c.c of ether and 7.5 gms. Zn012 and 5 CC. of liquid 
hydrocyanic acid added to the ethereal solution. 
Dry hydrogen chloride was passed into the solution 
for 21- hours. The imine hydrochloride which had been 
precipitated from the ethereal solution, was washed 
with a small quantity of dry ether and decomposed 
with warm water. The aldehyde so obtained was filtered 
off and recrystallised from dilute alcohol. A com- 
parison of the properties of the 2-hydroxy-l- naphth- 
aldehyde so obtained and the aldehyde isolated from 




















Forms a Na.compound insol. in 
cold but more so on warming The same 
No reaction. 





Forms an oxims M.P +.157° 
Forms a pheRylhydrazone. 
M.P+. 20r1 
Schiff's base M.P+. 990 















Thus the compound is 2.- hydroxy- 1.naphth- 
8y. 
16. CONDENSATION of DIPHENYLFORMAMIDINE with 
p-RESORCYLALDEHYDE. 
p- Resorcylald.ehyde (2 grns) , prepared by 
GATTERMANN'S method (Ber., 1899.32.278.) and diphenyl- 
formamidine (4 gins) were heated at a temperature of 
1100 for two hours. Aniline was liberated. The 
requisite quantity of caustic soda solution was added 
to the crude condensation product and the alkaline 
solution steam distilled. When all the aniline had 
passed over, the alkaline solution was acidified. 
The acid solution was now steam distilled and an al- 
dehyde which proved to be 4:6- dihydroxyisophthalalde- 
hyde collected in the condenser. The yield was 30- 
40 per cent of the expected quantity. 
88. 
17. CONDENSATION of DIPHENYLEORMAMIDINE with 
ß- RESORCYLIC ACID. 
ß- Resorcylic acid was prepared according; to 
the directions given by KOSTANECKI (Ber., 1887.18-r 
1985). A solution of 20 gins of resorcinol and 100 gms' 
of potassium bicarbonate in 200c.c. of water was 
warmed in the steam bath for 1 1 hours. When the solu- 
tion was .cooled and then acidified, 0-resorcylic acid 
was precipitated which after recrystallisation from 
water decomposed. at 216° -217° with evolution of car - 
bon dioxide. 
A preliminary investigation showed that 
when diphenylformamidine and ß-- resorcylic acid in mo- 
lecular quantities are heated together at a tempera- 
ture of 183° carbon dioxide is evolved very vigour- 
ously. The crude condensation product when worked up 
in a similar manner to that employed in the separa- 
tion of ß- resorcylaldehyde, yielded 40 per cent and 
10 per cent of 4:6- dihÿdroxyisophthalaldehyd.e and 
p- resorcylaldehyde respectively. 
Under these conditions, therefore, 
p- resorcylic/ 
88. 
p- resorcylic acid when heated with diphenylf_ormami- 
dine yields p- resorcylaldehyde.and 4:6- dihydroxyisoph- 
:thaiaide? yde. A test tube experiment showed that 
when p- .resorcylic acid is warmed with aniline, carbon':. 
dioxide is evolved. 
The condensation was repeated 
(1) at a temperature of 1500 and 
(2) with boiling butyl alcohol (B.P +.116 °.) as 
solvent but again carbon dioxide was evolved and the 
only aldehydes isolated were p- resorcylaldehyde and 
4:6 dihydroxyisophthalaldehyde. 
Therefore, under these conditions, it is 
impossible to obtain an acid aldehyde by the con- 
densation of diphenylforznamidine with ß- resorcylic 
acid. 
90. 
18. CONDENSATION of DIPHENYLFORMAMIDINE and 
ETHYL -j3- RESORCYLATE. 
Ethyl- p- resorcylate was prepared according 
to directions given by KAUFMANN and ADAMS (J.AIIaer. 
Chem.Soc. 1923.45.1744.). It was obtained from p- 
resorcylic acid by boiling it under'an inverted con- 
denser for ten hours with absolute alcohol, satúratedi 
with dry hydrochloric acid. The alcohol was then 
distilled off, the residue washed With dilute so- 
dium bicarbonate solution and the red oil so obtained ! 
distilled under diminished pressure. (B..P +.(13- 15m.m.); 
1700- 1750). The distillate solidified and was puri- 
fied further by crystallisation from water and pos- 
sessed a melting point of 890 -700. 
Molecular quantities of diphenylformamidine 
A 
were heated at a temperature of 138° for six hours. 
' No carbon dioxide was evolved. The crude condensa- 
tion product had a pronounced odour of aniline. Whex, 
the condensation product was hydrolysed with 50 per 
cent caustic potash solution and steam distilled 
aniline 
9t. 
aniline passed over. A small quantity of unchanged 
diphenylformamidine was filtered off and the alkaline 
solution acidified. During the addition of the acid 
to the alkaline solution marked fmthing (due to the 
evolution of carbon dioxide) took place. ß-Resorcyl- 
aldehyde was obtained from the acid solution in 
approximately 20-25 per cent yield of the theoreti- 
cally expected quantity by the same method as that 
employed in the isolation of A-resorcylaldehyde 
formed by the condensation of diphenylformamidine and 
resorcinol. 
By further investigation, it is hoped to 
obtain an interesting acid aldehyde by the conden- 
sation of diphenylformamidine with ethyl-p -resorcy- 
late. 
92. 
ISOZATION of INTERMEDIATE COMPOUNDS. 
THE DI-- SCHIFF' S BASE OF 4 :6- DIHYDROXY -- 
ISOPHTHAIALDEHYDE. 
As previously stated, during the condensa- 
tion of dry or moist resorcinol with diphenylforma- 
midine at a temperature of 100°, a solid product is 
formed after five hours heating. An examination of 
the solid product formed in the condensations with 
moist resorcinol showed the presence of yellow needle 
shaped crystals and these have been isolated by the 
following method. 
The crude condensation product was mashed 
three times with a small quantity of aniline in order 
to dissolve out any unchanged diphenylformamidine. 
The resulting product was found to consist of yellow 
needle shaped crystals which were recrystallised 
twice from absolute alcohol. They melted at 202 ° -203 °. 
These crystals were practically insoluble in water 
and caustic soda solution but easily soluble in 
alcohol and ether. On hydrolysis, aniline was libera- 
ted and the resulting product gave all the reactions 
of 4:6- dihydroxyisophthalaldehyde (see pp.32. ). 
T IEMiANN/ 
93. 
TIEMANN and LEWY (Ber., 1877.10°2212) prepared the 
di- Schiff's base of 4:6- dihydroxyisophthalaldehyde 
from a boiling saturated alcoholic solution of the 
aldehyde and aniline. The melting point of the 
Schiff's base is given as 1990. 
An analysis of the intermediate product 
proved definitely that it was the suspected di- 
Schiff's bases 
0.1855 gms. gave 0.5156 gms. 002 & 0.0855 gms.H20. 
This represents, 0 ® 75.92, and 
H _ 5.16 per cent. 
0.2229 gms. contained 0.002002 gms. N (by Hjeldahl). 
This represents, N - 8.98 per cent. 
020H16N202 re- 
quires. C = 75.95, 
H m 5.07, and 
N m 8.88 per cent. 
Therefore one of the intermediate compounds 
formed on condensing moist resorcinol with diphenyl- 
formamidine is the di- Schiff's base of 4:6- dihydroxy- 







Mary attempts were made to isolate the 
intermediate compound formed in condensations carried 
out with dry resorcinol with the object of separation 
of the corresponding mono- Schiff's base. It was found 
impossible to obtain a pure product in this manner 
because of the similar solubilities of the impurities 
such as, unchanged diphehylformamidine, tarry material 
and the Schiff's base in all solvents. 
THE SCHIFF'S BASE of 2-- HYDROXY -1 - NAPHTHALDEHYD . 
The intermediate compound formed by the con- 
densation of diphenylformamidine and A- naphthol was 
separated as follows. 
The crude condensation product was boiled 
with alcohol and a small quantity of aniline to keep 
the unchanged diphenylformamidine in solution. From 
the cold solution yellow needles separated which were 
recry stallised again from alcohol. They possessed a 
melting point of 99 °. GAT1ERMANN (Ber., 1899.32.284) 
prepared the Schiff's base of 2-hydroxy-l-naphthal- 
dehyde by boiling an alcoholic solution of the aldehyde 
with aniline. The melting point of the Schiff's base 
so obtained is given as 990. The yellow needles of 
melting point 99° isolated from the condensation pro- 
duct dissolved readily in boiling caustic soda solu- 
tion/ 
95. 
solution and the aniline liberated was steam distilled 
off. The alkaline solution was acidified when the 
2- hydroxy- l- naphthaldehyde was obtained pure. 
An analysis of the intermediate product 
proved definitely that it was the suspected Schiff's 
base of 2- hydroxy- l- naphthaldehyde. 
0.1326 gms. gave 6,35c.c. N. at 10.5° & 752 m.m. 
This represents N = 5.72 per cent, 
017H13No requires N ó 5.66 per cent. 
Therefore, the intermediate compound formed 
by the condensation of diphenylformamidine and ß -. 







(I) It has been proved by the isolation of the 
intermediate compounds from the condensation product 
of diphenylformamidine with moist resorcinol and p- 
naphthol respectively, that certain phenols when heat- 
ed w? th diphenylformamidine, react according to the 
following equation. 
phenol + diphenylformamidine 
Schiff's base + aniline 
hydrolysjs 
aldehyde + aniline. 
M) By this new synthesis, the following alde- 
hydes have been isolated in a pure condition. 
(1) ¡3- resorcylaldehyde 
(2) 4 :6- dihydroxyisophthalaldehyde. 
(3) 4- methoxy- 2- hydroxybenzaldehyde. 
(4) 3- methoxy- 2- hydroxybenzaldehyde. 
(5) pyrogallol aldehyde. 
(6) salicylaldehyde. 
(7) 3- methyl -2 hydroxybenzaldehyde. 
(8) 4- methyl- 2- hydroxybenzaldehyde. 
(9) 5- methyl -2 hydroxybenzaldehyde. 
(10) l- hydroxy- 2- naphthaldehyde. 
(11) 2- hydroxy -l- naphthaldehyde. 
Only traces of an aldehyde could be isolated 
from the condensation product of catechol, quinol, 
phloroglucincl,! 
J 7. 
ph-'oroglucinol, o- nitrophenol, p- nitrophenol respec- 
tively with diphenylformamidine, but the crude con- 
densation product from these phenols, except o- nitro- 
phenol, had a pronounced odour of carbylamine due to 
the decomposition of diphenylformamidine into aniline 
and carbylamine. 
06H5NN 
/CH --- C6H5 N;,0 + C6H5NH2. 
C6H5NH 
No trace of an aldehyde could be isolated from the 
condensation product of dimethyl resorcinol and 
diphenylformamidine. 
(III) The formation of 3,6 -di rdroxyXnnthydrol 
in the condensation of resorcinol with diphenylforma- 
midine has been investigated and an account of this 
is given in Part II. of the thesis. 
(IV) The suggestion is put forward that this 
reaction takes place between diphenylformamidine and 
the ketonic form of the phenols. 
PART I I . 
SYNTHESIS of 3:6-dihydroxyxanthydrol. 
IA. 
As already stated, the condensation of re o-. 
sorcinol with diphenylform:amidine might be expected 
tet oin such a manner that the following three sub- 










Actually, p- resorcylaldehyde (1) and the 
4: 6- dihydroxyisophthal aldehyde (ii) may be isolated 
along with a brown red resinous substance which con -1 
tamed the expected 2:4:2' :4' -tetrahydroxy- diphenyl- 
carbinol. This is borne out by the fact that the ÿ 
addition of alkali to the acid. solútions from which 
the condensation products had been separated, pro- 
duced a marked green fluorescence. This would be 
due to a further change of the carbhnol to the cox - 
responding 3:6- dihydroxyxanthydïaol (iv), during the 









In order to discover whether this actually 
occurs, it was proposed to compare the known 3:6 -di 




The xanthydwol has already been obtained from the 
corresponding 2:4:2':4'- tetra. ;hydroxy- benzophe- 
none (v.) which is first dehydrated to the 3 :6 -dihy- 
droxyxanthone (vi.) (Meyer & Conzetti.B r., 1897.30. 
971.) and is then reduced to the 3: 6-dihydroxyxanthy- 
drol . (Kehrrnann. Annalen., 1909.371.287.) 







2:4:2' :4' -Tetrahydroxybenzophenone has 
been prepared by Meyer & Conzetti (B :r. , 1897.30.971 ), 
who fused fluorescein chloride with caustic soda at 





1 + G 
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) H 0 Co o 
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2 : 4 : 2' : -TETRAHYDROXYBENZOPHENONE. 
BY 
JOHN BALDWIN SHOESMITH 
AND 
JOHN HALDANE. 
From the Transactions of the Chemical Society, 1924. Vol. 125. 
XV.- Preparation of 2 : 4 : 2' : 4'- Tetrahydroxybenzo - 
phenone. 
By JOHN BALDWIN SHOESMITH and JOHN HALDANE. 
2 : 4 : 2' : 4'- TETRAHYDROXYBENZOPHENONE was first prepared by 
Meyer and Conzetti (Ber., 1897, 30, 971), who fused fluorescein 
chloride with caustic soda at 270 -2800. The present investigation, 
has shown that the method used first by Hoesch (Ber., 1915, 48, 
1122) to prepare aromatic hydroxyketones is also applicable to the 
synthesis of this ketone. 
2 : 4- Diacetoxybenzonitrile, C6H3(OAc)2C, and resorcinol con- 
dense in presence of hydrochloric acid. 2 : 4- Diacetoxy -2' : 4'- 
dihydroxybenzophenoneimine hydrochloride, 
( OAc)2C6H3C( :NH,HCl)C6H3(OH)2, 
thus formed, is moderately easily hydrolysed in acid solution to 
the expected benzophenone. From the reaction product, resaceto- 
phenone, C6H3(OH)2COCH3, and P-resorcylamide may also be 
isolated. The former is produced by the condensation of acetyl 
chloride (from diacetoxybenzonitrile and hydrochloric acid) with 
resorcinol, and the latter by the hydrolysis of unchanged diacetoxy- 
benzonitrile. 
The compound described by Marcus (Ber., 1891, 24, 3652) as 
13- resorcylonitrile will not condense with resorcinol. 
EXPERIMENTAL. 
2 : 4-Diacetoxybenzonitrile (7 grams), prepared as described by 
Marcus (loc. cit.), and carefully dried resorcinol (2.5 grams) were 
114 SHOESMITH AND HALDANE : 
dissolved in 40 c.c. of dry ether, powdered anhydrous zinc chloride 
(1 gram) was added, and a slow stream of hydrogen chloride gas 
passed into the reaction mixture. Turbidity was apparent after 
four hours, and a crystalline precipitate formed almost immediately 
afterwards. The hydrogen chloride gas was passed for eight hours 
and after that the mixture allowed to stand for another twelve 
hours. The ether was then poured off from the crystals and from 
it, after standing some days, an additional quantity of the crystals 
separated out. The crystals were dissolved in cold water and 
precipitated with concentrated hydrochloric acid. The solid was 
purified by the repetition of this process at least twice, and after 
having been dried decomposed at 195° and proved to be 2 : 4- 
diacetoxy-2' : 4'- dihydroxybenzophenoneimine hydrochloride (Found : 
Cl = 9.7. 017H1606NC1 requires C1= 9.5 per cent.). The hydro- 
chloride was hydrolysed by boiling 25 per cent. aqueous sulphuric 
acid, the operation being complete in about fifteen minutes. The 
cooled solution deposited a syrup which was then boiled with 
dilute sodium carbonate solution for half an hour. From this 
solution yellow crystals separated (2 grams) which were recrystal- 
lised from boiling water and animal charcoal and possessed all the 
properties of the 2 4 : 2' : 4'- tetrahydroxybenzophenone obtained 
by the method of Meyer and Conzetti (loc. cit.). 
13- Resorcylamide. -The acid solution from the hydrolysis of the 
imine hydrochloride was extracted with éther several times and the 
combined extracts were mixed with the ether from which the 
imine hydrochloride had separated. When the ether was distilled 
away from the extract, a syrup remained from which white, needle- 
' shaped crystals were at once precipitated on the addition of water. 
This solid was recrystallised from water, when it melted at 221- 
222°. Its aqueous solution gave a reddish -brown coloration with 
ferric chloride. Ammonia was evolved (a) slowly from a boiling 
caustic soda solution of the solid, (b) more rapidly if the solid was 
first hydrolysed with. 50 per cent. sulphuric acid and then boiled 
with caustic soda, (c) immediately when the solid was heated alone. 
The compound was classified as p-resorcylamide (Found : C 
55.14 ; H = 5.02 ; N = 9.03. Calc. for C7H603N, C = 54.90 ; H = 
4.58; N = 9.15 per cent.). After the hydrolysis of the amide a 
small quantity of (3- resorcylic acid was isolated from the solution. 
Resacetophenone. -The aqueous solution from which the f3- resor- 
cylamide had been precipitated was extracted with ether and the 
syrup remaining after the ether had been distilled off boiled with 
dilute hydrochloric acid and animal charcoal. From this solution, 
white needles crystallised out which when purified melted at 141- 
142° and easily gave a phenylhydrazone with melting point 158 °. 
117' 
PREPARATION OF 2 : 4 : 2' : e- TETRAHYDROXYBENZOPHENONE. 115 
This ketone did not depress the melting point of an authentic 
specimen of resacetophenone. 
Attempts were made to prepare ß- resorcylonitrile. 2 : 4-Di- 
acetoxybenzonitrile was boiled with caustic alkali (or dilute sulphuric 
acid) of different concentrations for varying periods of time. The 
hydrolysed mixtures were extracted with ether and the solid frac -. 
tionally precipitated by the addition of ligroin. Analysis showed 
that the nitrogen content varied with the conditions of hydrolysis 
and pure ß- resorcylonitrile could not be isolated. The white needles 
obtained would not condense with resorcinol under the same 
conditions as those used in the condensation of 2 : 4- diacetoxy- 
benzonitrile. 
The authors wish to thank the Advisory Council of the Depart- 
ment for Scientific and Industrial Research for a grant to one of 
them (J. H.) which enabled this investigation to be carried out. 
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3.A 
Meyer & Conzetti's method, however, is exceedingly 
poor and it was proposed to synthesise the tetra - 
hydroxybenzophenone by the following series of re- 
actions. 
ß-R esorcylaldehyde (vii) is first convert- 
ed into the. oxime (viii.) which with boiling acetic 
anhydride gives the 2 :4- diacetoxy- benzonitriie. (ix. ) 
This compound on hydrolysis should give ß- resorcy- 





CHO CH NoH 
(vii.) (viii.) 
CO.CHß 
*'"' Co .C14.3 
OH 
OH 
By the condensation of ß- resorcylcnitrile (x.) with 
resorcinol in accordance with the general method de- 
vised by Hoesch (Ber., 1915.48.1122), 2:4:2':4T-te- 
trahydroxybenzophenoneimine hydrochloride (xi.) was 
expected to be formed which on hydrolysis would rea- 













0 ri -}-- NH4 Ce 
OH 
4.A 
This, when dehydrated, would yield the 3:6-- d hydro 
xyXanthdne and the latter on reduction the 3 :6 -dihy- 
droxyxant4d-rol as shown on page 2A 
In the proposed synthesis, no difficulty 
was met with until attempts were mate to hydrolyse 
the 2 :4- diacetoxybenzonitril e t.o p -resb rcylonitrile 
oCOeN3 





t CN3 CO. OH 
It was then, discovered that the pure ß- resorcyloni- 
tril e cannot be obtained by this method and the mix- 
ture which might contain a little of the nitrile 
will not condense in the usual manner. 
condensation, however, takes place when 
the 2 :4- diacetoxybenzonitrile is used and the inter- 
mediate compound 2:4-diacetoxy-21:4'- dihydroxybenzo- 
phenoneimine hydrochloride (xii. ) may be isolated 









This is hydrolysed* to the expected 2 :4: 2' : 4' -tetra; 








+,2CH3CO.ON + NH4 
oH 
The 3 :6- dihydroxyxanthydrol obtained from 
the 2:4:2 x:4' -tetrahydroxybenzophenone which is 
first dehydrated to the 3:6- dihydroxyxanthone and 
then reduced to the 3 :6- dihydroxyxanthydrol showed 
the same fluorescence as that of the solutions from 
which aldehyde was extracted in the condensation of 
diphenylfbrmamid ine and resorcinol. 
:!'rom the condensation product of 2 :4 -di- 
1 
acetoxybenzonitrile and resorcinol resacetophenone 
and, ß- resorcylamide may be isolated. The former 
must / 
This fact is interesting since the compound 2 :4: : 
6:2 1- tetrahydroxybenzophenoneimine hydrochloride 
HO 
OH 
prepared by the 
sei icylonitri .e 
ketone owing to 
three hydroxyls 
1922.120.039.) 
condensation of phioroglucinol with 
does not hydrolyse to the expected 
protection from hydrolysis by the 
in the ortho position (Robinson.l., 
6.A 
must result from the production of a small quantity 







+ CH3 CO' CQ 
This is present under ideal conditions under which 
the usual Freida' Craft's reaction takes place. 
Hence resacetophenone is formed. 
014 H 
CQCoCH3 




ß- Resorcylamide must result from the hydrolysis of 
unchanged 2 :4- di,cetoxybenzonitrile. 
0COCH3 
0ÖCoCH3 ` JOH 
CN C0NHz 
OH 
314- + .2 CH3CO0H 
The hydrolysis takes place during the working up of 
the condensation product. I 
7.A 
E X P E R I M E N T A L . 
p- wESOïCYLA1dehyde obtained in previous condensations 
was supplemented by a quantity obtained by the Gat - 
termann method (Ber., 1899.32.278.) 
Liquid hydrogen cyanide was prepared by 
the method devised by Ziegler (Ber., 1921.54.210.) 
A saturated solution of sodium cyanide and a 60 per 
cent solution of sulphuric acid were allowed too drop 
into a small funnel suspended in a one litre flask. 
The hydrogen cyanide evolved was dried aild passed 
into a 100 c.c. flask immersed in ice. 
Hzr 
.CE 
v'!3 LiQwo HLft 
ß- Resorcyladehyde was obtained in good yield. 
PREPARATION of the Oiilivli of j3-RLSO RCY:i:sA:ï,DEHYDB 
Marcus. (Ber., 1891.24.3651.) p- resorcy- 
laldehyde was dissolved in warm water and the re- 
quisite amount of hydroxylamine hydrochloride added. 
After/ 
8 .A 
After the addition of a saturated solution of sodiuM 
acetate the oxime was obtained from the cold solu- 








PIPA ATIOI of the 2 :4- diacetoxybenzonitrile. 
Marcus, (1oc.cit.) The oxime was boiled 
with the requisite volume of acetic anhydride for 
two hours. The diacetate crystallised from the 
cold solution and was purified by crystallisation 
from alcohol. (II.P+.72° ). The yield was 70 -80 per 








CH: NOH CN 
According to Marcus (loc. cit .) 13- ,resorcy- 
lòni:.triie is produced when the diacetyl derivative: 
is hydrolysed with dilute potash. It separates 
from a mixture of ether and light petroleum in 
needle shaped crystals (M.P +.175° ). It is readily 
soluble in water, alcohol and ether and its aqueous 
solution gives a red coloration with .H'ecl3. 
A series of hydrolyses on the 2:4-diace- 
toxybenzonitrile were carried out but the final 
product in every case gave off ammonia on heating 
alone, (a property ascribed to the presence of 
P'i 
9.11 
¡3- resorcylainide. See pp.204, a purple red coloration 
with Pec13, and melting points which ranged between 
175° aria 185 °. The white needle shaped crystalline 
substances were very soluble in water, alcohol and 
ether. Analysis of the products obtained from the 
hydrolyses of 2 :4- diacetoxybenz.onitrile showed that 
the expected nitrile could not be obtained pure. 
0711502N requires N=--10.38 per cent. 
; 
HYDROLYSIS A.GMIT TILE. 
8 per cent NaOH 2 hrs. 
2 " KOH 1 hr. 
N/10 NaOH 2 hrs. 
14/10 NaOH z hr. 
N/10 NaOH z hr. 
N/10 NaOH 2 hr. 
N/10 NaOH 2 hr. 














The hydrolysis product in this case after having 
been precipitated from its ether solution by light 
petroleum was recrystallised from m- xylene. The mix- 
ture softened at 170° became yellow in colour and 
melted at 177 °. The hydrolyses products would not 
condense with resorcinol under the necessary condi- 
tions. (See bel ow) . 
10.A 
As A- resorcylónitril e could not be obtain-1 
ed, 2:4-- diacetoxybenzonitrile was condensed with re- 












+ 2013'PO-OH + ryH4ce 
OH 
HOESCH SYNTHESIS, 2:4- Diacetoxybenzonitriie (7 gms) 
and anhydrol_s resorcinol (8.5 gms.) were dissolved 
in dry ether (40 c.c.), mixed with fused and powdered 
ZniV12 (1 gm) and a moderate stream of dry hydrogen 
chloride was passed through the liquid. Turbidity of 
the solution occurred after Your hours and a crystal- 
line precipitate soon appeared. After eight hours, 
the current of gas was stopped and the mixture allow- 
ed to stand overnight. 
The ether solution was decanted of and 
the yellow crystals extracted with cold water. Con- 
centrated hydrochloric acid was added to this solu- 
tion when pale yellow crystals were precipitated. 
This operation was repeated three times and the re- 
sulting product which decomposed at approx. 195° 
carefully dried over sulphuric acid in a vacuum. 
this substance was suspected to be the ketimine 
hydrochloride/ 
hydrochloride having the following constitution 
CH3C00 OH 
a Carius: estimation,was carried out which gave the 
following result. 
0.0696 gms. contained 0.00661 gis. chlorine 







NCl requires cl = 9.7 per cent. 
Further evidence that the above is the constitution- 
al formula of this substance is borne out by the fact 
that on hydrolysis, as stated later, it yielded the 










t .ZCH3 CO.OH + IYHkCC. 
OK 
The hydrochloride thrown out of the *Aker 
solution was boiled with 25 c.c. of 25 per cent sul- 
phuric acid for 15 mins. When the solution was cool 
ed, a yellow syrup separated out. The acid solution 
was decanted from the syrup and put to one side for 
a later examination. 
TREE N of the YELLOW SYRUP: It was washed twice 
with water and boiled for half an houx with very di- 
lute sodium carbonate solution. Yellow crystals se- 
parated from the cold solution and were purified by 
boiling 
boiling with water and animal charcoal. The compound¡ 
crystallised from water in long yellow needies(Iï.P4. 
192° -194 °) , gave a brown coloration with FeO13, and 
a p- nitrophenylhydrazone on boiling an aqueous solu- 
tion for some time. This indicated the presence of 
a ketonic group in this substance. 
CONSTITUTION of the YELL O J NEMLES l92 ° -l94° ) 
was now investigated. 
As this compound was suspected to be the 
2:4:2' :4'- tetrahydroxybenzophenone, its properties 
were compared with those of the 2:4:2' :4' -tetrahydro - 
«ybenzophenone as prepared and described by Meyer & 
Uonzetti (Ber., 1897;30.97l) 
The compari son reads:- 
13.11 
REAGENT DESCRIB-ED REACTION 
2:4:2' : 4' -TEiRAHYDROXYHI:NZOPHrWONE. P.-ODÜ C. 
NaOH Dissolves with yellow colour 
HO1 Precipitates from alkaline solution 
Cone. Dissolves with a. yellow colour. On 
H2SO4. 
warming eolution goes colourless & 
Finally darken s, very quickly. On 
cooling & making the solution alkal- 
ine, a deep blue violet fkuorescence 
is produced due to the presence of 
3: 6-- dihydroxyxanth one. 
Deep brown coloration FeCl3 
Solu- H20: sol. in hot, insol.in cold. 




k. P+. 193°-195° l92°-194° 
hixed h . P+ 192°--194° 
The slow formation of the p- nitrophenylhydrazone of 
the described 2:4 :2' :4'- tetrahydroxybenzophenone and 
the reaction product is due to the close proximity o 
the two hydroxya groups i.e. an example of steric 
hindrance. 
An analysis. o f the reacti on product 
definitely that it was the suspected 2:4:2' : 4' -t et.rai 
hydroxyben zophenone. 




This represents 063..45 & H -4.22 per cent. 
013H1005 requires 0= =63.45 11=4.07 per cent. 
The compound did not contain nitrogen. 
Thus the compound is 2:4:21 : 4' -tetrahydroxy-- 
i 






The 2:4:2' :4' -tetrahydroxybenzophenone was 
heated at 210° i.e. in the vapour of boiling 0-- tolui- 
d ine , for two hours. The reaction product when recral- 
stall ised from dilute alcohol melted at 243° and pos- 
sessed all the properties of the 3 :6- dihydroxyxanthone 
prepared by 11-0ST 31TEOKI (Bar., 1885.18.1896) & 1' EYDR & 
QOL Z TTI (Ber., 1697.30.971). It dissolved in a caus- 
tic soda solution with the production of a deep blue 
fluorescence. 
The 3:6- dihydroxyxanthone thus obtained was 
reduced to the corresponding xanthydrol according to 
directions V'ven by KE.R:fi6 -d (A.nnalen. , 1909,371.287). 
The xanthone Etas . shame n with 3 per cent 
sodium amalgam in aqueous emulsion until there was a 
strong evolution of hydrogen. During this process the 
solution turned red and showed an intense green fluo- 
rescence.- The solution was decanted from the sodium 
amalgam, acidified with dilute acetic acid Whereby 
the/ 
l5.A 
the 3:6- dihydroxyxbnthydroi was obtained as a red 
powdery mass which did not melt below 300°. The red 
powdery mass possessed all the properties of the xan- 
thydrol as prepared by y 1 L I I . (!innalen 1909.371. 
2B7.) 
The 3: 6- dihydroxyxanthydrol in alkaline 
solution showed the some fluorescence in great dilu_' 
tion as noticed in solutions from which aldehyde was 
extracted in the condensation of diphenylformamidine 
and resorcinol. A very sural]. antity of the xan- 
thydrol is necessary to show such fluorescence. It 
is,thierefore, formed in the condensation but cannot 
be isolated because of the resinous substances. 
ISOLATION of REISAí:ETOPNr;ìIOHE. 
The acid solution which was decanted from 
the syrup when the condensation product of resorci- 
nol and 2:4- diacetoxybenzonitrile had been boiled 
for 15 minutes was in turn extracted with ether. 
Men the ether was distilled away a syrup was left 
from which on the addition of a small uantity of 
water, a white solid was precipitated. This was se- 
parated for further investigation. 
The/ 
The solution obtained by the addition of 
water to the syrup and after the-white solid had 
been filtered off, gave a p=- nitrorhenylhydrazone very 
readily and a phenylhydrazone which crystallised frort 
very dilute alcohol in -yellow needles (11.P +.158 °. ) 
rom the fact that a p- nitrophenyihydrazone and a 
phenylhydrazone were foriaed so easily, it was con- 
cluded that the ketonic group in this substance could 
not be protected to such an extent as that in the 
2. :4 :2' :4',tetrahydro_xybenzophenone. 
The solution which contained the ketonic 
substance was, therefore, extracted with ether. The 
syrup left after the ether had been distilled away 
was boiled with a small quantity of dilute hydro - 
chloric acid arid animal charcoal. White needle --chap- 
ed crystals were so obtained which were recrystailis-, 
ed from dilute hydrochloric acid when they possessed 
a melting point of 141 ° -142 °. This substance readily 
gave a p-- nitrophenylhydrazone and a phenylhydrazone 
(M.P +.158° ). The compound also possessed the follow- 
ing properties: - 
(I) With 2e0l3, a deep brov. n coloration was 
obtained. 
(2) A nitrogen test was carried out with a 
negative result. 
(3) It readily gave a p.nitrophen'ihydrazone. 
(4) It readily gave a phenylhydrazone which 
under the microscope had the. appearance 
When recrYstailised from very dilute alcohol it pos- 
sessed a melting point of 158 °. An analysis of the 
phenylhydrazone gave the following result: - 
0.0529 gins gave 5.4c. c . o f nitrogen at 15° and 
729 m.m. This represents N = 11.6 per cent. 
From the fact that the analysis gave such a high ni 
trogen content, it was concluded that the ketonic 
substance contained one benzone ring. 
The phenylhydrazone of resacetophenone has 
been described by CRSPIEUX (Bull. Soo .Chim.1891. (3).6. 
154) as pale yellow needles (M. P +158 °) , exceedingly 
soluble in ether and alcohol and coloured brown with 
a solution of Fe013. INhen recrystallised from alcohol, 
he says a large volume of water must be added to the 
cold solution. A whitish emulsion is first formed 
and from it the phenylhydrazone crystallises out in 
pale yellow needles. The phenylhydrazone from the 
reaction product possessed all these properties. As 
stated previously, an analysis showed the nitrogen 
content of the ph-enylhydrazone from the reaction pro- 
duct to be 11.6 per cent. 
C,/ 
18.,4 
C14H1402II2recluires N = 11.57 per cent.. 
To complete the evidence regarding the constitution 
of the white ne edi es (111.P+14113-142° ) which formed a 
phenylhydrazone (Ii.P +.158 °) , renace úophenone and its 
pbenylhydrazone were prepared and compared with the 
reaction pr oduc t. 
PR. AR.ATI ON of RESACETOPHENONEI for COLTARI SON. 
This was prepared according to di rections 
given by NENC1 I & S 1EB R (J. pr. Chem .1681.23.14-7 ) 
Glaci al acetic. acid (1.5 parts) containing resorcinol 
1 part) and 1.5 parts of Zn012 as a dehydrating 
agaat was bóiled for a short time. The resacetophe- 
none was precipitated 1Jvhen the mixture was poured into 
water and purified by rppaated crystallisation - from 
dilute hyd roch1 ®ric acid and animal charcoal . 
A compari son in properties of the reaction 
product and resacetopheaone reads: - 
REAGi+.1VT 
REAGENT DESCRIBED. RESAC:ETOPHENONE. REACTION 
PRODUCT. ! 
NaOH Soluble with a deep violet The same. 
coloration. On long heat- 
ing, solution turns a dirty 
brown although acid preci- 
pitates the ketone unchanged, 
PeC13 Brown coloration 
06H5.NH.NH2 Pores a phenylhydrazone LI.P +158° M.P +.158 °1 
11 
M. P+ 
L°iILD iri. P+158 ° . T= 11. 57 p er cent N=11.6 
142° l41°-142°i 
Iv1I :nRD M. P+ 141°142° 
The compound is, therefore, resacetophenone. 
OH. 
20.A 
ISOLATION of p--RESORO..AM7DE. 
The white solid which was precipitated from 
the crude resacetophenone by the addition of a small 
quantity of water, was recrystallised from water. 
The white needles thus obtained possessed the follow- 
ing properties. 
(1) Recrystallised: from water it melted at 
221° -222 °. 
(2) An aqueous solution gave a broom red colo- 
ration with :Pe013. 
(3) A sodium test indicated the presence of 
nitrogen. 
(4) Ammonia was evolved from an aqueous alkaline 
solution after long heating. 
(5) When boiled with 50 per cent sa.lphuric acid 
fox five minutes, making alkaline and armT 
ing, ammonia was evolved more rapidly. 
(6) When heated alone, ammonia was evolved 
immediately. 
An analysia of the white needles (M.P +221° -222° ) 
gave the following results. 
gaYIC 
0.0690 gms.t0.1395 5ws. 002 & 0.0310 gms. H20. 
This represents 0 = 55.14 & H = 5.02 per 
cent. A micro -nitrogen* estimation gave the. follow- 
ing result. 
0.01485 gms gave 1.16 c. c. at 22° and 757 m.m. 
This./ 
*As this compound gave off ammonia so readily vvhe.n 
heated a micro nitrogen was carried out with a view 
to ensure complete combustion. 
21.A 
This represent s N = 9.00 per cent. 
A Dumas nitrogen estimation. gave the fol- 
lowing result : - 
0.0580 grils gave 4.5c. c. at 19® & 755 v.n. 
This represents N = 9.03 per cent. 
Therefore the empirical formula is - -
C H803N. which agrees app.mxi nwtely with that of 
ß -resor cylenid e. 
07117031i requires 0 = 54.9, H = 4.58 & N = 
if this abstance is p- resorc i1amide, the 
compound left after hydrolysis should give the speci- 
fie tests for ß- resorcylic acid i.e. a deep red colo- 
ration with ße01 , a purple coloration with a little 
3 
bleaching solution, orange with excess. To test, 
therefore, this theory a wall quantity of the sus- 
pected amide was boiled with 50 per cent sulphuric 
acid for five minutes, cooled and excess of alkali 
added. Ammonia came off verge rapidly when the solu- 
ti on was warmed. When. all the ammonia had been dri 
ven off the solution was acidified and extracted with 
ether. . 'rom the ethereal solution, a crystalline 
substance was obtained by distilling off the ether. 
This gave the specific tests for j6- resorc:-lic acid 
as stated y;re- ously. 
The compound, therefore, is p- resorcyl- 
ami.de. 
22..4 
No reference to this compound having been 
prepared previous to this investigation could be 
found. 
The fact that the amide gave off ammonia 
very rapidly when heated alone but only with diffi .:: 
culty when hydrolysed with alkali may be explained 


















+ NN3 + ,Zlizo 
Hydrolysis takes place slowly owing to the 
well known steri c hindrance effect in such groups. 
23.A 
SUMMARY . 
(1) 2:4:2' : 4' -- Tetrahydroxybenzophen one ma,:7 b e pre- 
pared. by the condensation of 2 :4-- diacetoxbenza.- 
nitrile and resorcinolin presence of dry hydro- 
gen chlo ride. The ketone i s obtained in 40 
per cent of the theoretic-al quant ity . f3- Resor -. 
cylamid e and. resacetophenone may al so be iso- 
lated from the condensation product. 
(2) A compari son of the fluorescences of the 3: (-di 4- 
hydroxyxanthydrol in al kal,ine solution and solú- 
tions remad.ning after extraction of aldehyde 
in the condensation of resorcinol arid dipheny- 
formamidine show that the xanthydrol is produc- 
ed during the cond ens ation. 
